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Description 

[0001] The hormone angiotensin ii is recognized as one of the nnost potent vasopressor agents that produces hy- 
pertension in nnammals. The action of the enzyme renin on the plasma protein substrate angiotensinogen results in 

5 the production of an inactive decapeptide, angiotensin I, which upon conversion by the non-selective angiotensin con- 
verting enzyme (ACE) provides angiotensin II, the active hormone. See, e.g., Regoli et al. , Pharm. Rev. , 26 , 69 (1 974). 
[0002] Angiotensin II causes vasoconstriction and stimulates aldosterone secretion (from the adrenal gland) that 
results in a rise of both blood volume and pressure. Inhibitors of angiotensin II are therefore useful in treating hyper- 
tension, congestive heart failure, renal insufficiency associated with diabetic or hypertensive nephropathy, and glau- 

10 coma. See Garrison et al. , in The Pharmacological Basis of Therapeutics, 8th Edition, Eds. A. G. Gilman, E. S. Good- 
man, T. W. Rail, A. S. Nies, and P. Taylor, Pergamon Press, New York, 1990: p. 761-762; and Dzau V. J., The New 
Eng. J. Med. 324 : 1124-1130 (1991). 

[0003] Angiotensin II also can act on other organs such as the brain (Fitzsimmons, Rev. Physiol. Biochem. Pharma- 
col. , 87 , 117, (1 980)). Antagonists of angiotensin II are therefore useful in enhancing cognitive performance in patients 
15 affected by conditions such as age associated mental impairment or Alzheimer's disease and in treating cognitive 
disorders such as anxiety. See Dennes etal. Brit. J. Pharmacol. 105 : 88p (April 1992); and Barnes, J. M., etal. FASEB 
J. 5: 678 (March 1991). 

[0004] In addition, angiotensin II acts on a variety of glandular tissues including the kidney, liver, and ovaries. An- 
tagonists of angiotensin II are useful in treating conditions, disorders, or diseases of these tissues associated with 
20 excessive or unregulated angiotensin II activity. Antagonists of angiotensin II are also useful in treating kidney damage 
due to non-steroidal antiinflammatory agents. 

[0005] Angiotensin II has a role in regulation of the rate of cell growth and differentiation. Inhibitors of angiotensin II 
are therefore useful in treating disorders marked by excessive cell proliferation such as restenosis. See, e.g., Naftilan 
et al. , J. Clin. Invest , 83, 1419 (1989), Kauffman etal. . Life Sciences 49: 223-228 (1991), and Jackson etal ., Nature , 
25 335, 437 (1988). 

[0006] Some antihypertensive agents act as inhibitors of ACE thus blocking the formation of angiotensin II and its 
resulting increase of blood pressure. More recently, both peptide and non-peptide receptor antagonists of angiotensin 
II have been disclosed - see, e.g., EPO Patent Application Publication 25331 0 and references contained therein, and 
Chiu et al ., J. Pharmacol. Exp. Then . 250 , 867 (1989). Although have had an important role in uncovering the physi- 
30 ological roles for Angiotensin II, their therapeutic usefulness was ultimately limited by either partial agonist activity, 
metabolic instability or both. See Ashworth R.W., Birkhauser Verlag , 26 (1982). 

[0007] European patent applications EPA 0 438 869 and EPA 0 468 470 disclose heterocyclic and benzimidazole 
compounds having angiotensin properties. 

[0008] The present invention provides novel, potent, and effective compounds that antagonize angiotensin II at re- 
35 ceptor sites in the body and are therefore useful in treating conditions associated with excessive or unregulated angi- 
otensin II activity such as hypertension, congestive heart failure, cognitive disorders, renal insufficiency associated 
with diabetic or hypertensive nephropathy, glaucoma, kidney damage due to non-steroidal anti-inflammatory agents, 
and restenosis. 

[0009] This invention provides compounds of the Formula (I) 

40 



45 




wherein: 

50 

Ri is COgH, SO3H, PO3H2, CONHSO2R8, or5-tetrazolyl; 
R2 is H, -OH, -OCOCH3, halo, C1-C4 alkyi, or C^-C^ alkoxy; 
R3 is 

55 
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R5 is H, C1-C5 alkyi, C^-Cs trifluoroalkyi, (CF2)nCF3, benzyl -(CHaLNCCi-Ca alkyOg, -(CH2)rT,NH(Ci-C3 alkyi), 
-CH2-I -pyrrolidine, -(CH2)nC02H, or 



Rl4 V 



-(CH2)r - N— |^Rx5 
CO2H . 



Rg is (CH2)pRi, -CONH(Ci-C4 alkyi), -C0NH(Ci-C4 trifluoroalkyi), -C00(Ci-C4 alkyi), -COO(Ci-C4 trifluoroalkyi), 
-CONH(hydroxy-Ci-C4 alkyi), 
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O 

II 

C 



Rl4 



CO2H 



(f) 




- C 



30 

(h) 




R7 is C4-C9 Straight chain allcyl, C4-C9 straight chain trifluoroalkyi, C4-C9 straight chain alkenyl, or C4-C9 straight 

35 chain trifluoroalkenyl; 

Rg is phenyl, 0^0^ alkyi substituted phenyl, C^-Cg alkyi, or C^-Cg trifluoroalkyi; 

Rg is (CH2)pRi, or C1-C4 alkyi; 

R^o 's H or C1-C3 all^l; 

R-I-, is H, C-1-C4 alkyi, halo, or -(CH2)rPhenyl; 

40 R^2 is H, -(CH2)pRi, C^-Cy alkyi. OyCj trifluoroalkyi, halo, 3-pyridyl, 2-pyrimidyl, furanyl, oxazolyl, isoxazolyl, or 

when nn is 0, 4,4-ethylenedioxy, or substituted or unsubstituted phenyl representing phenyl or phenyl substituted 
with one or more groups selected from -(CH2)pRi , -0(CH2)pRi , -(CF2)pC02H, -CONH2, C^-Cy alkyi, C^-Cy trifluor- 
oalkyi, halo, -(CH2)pOH, cyano, phenylsulfonyl, phenyl, thiophenyl, thiocarboxy, C^-Cy trifluoroalkoxy, C^-Cy 
alkoxy -S.[C^-C^ alkyi), -SO(Ci-C9 alkyi), -S02(Ci-C9 alkyi), -SO2NR31R32, -(CH2)pCONR3^ R32, -(CH2)pNR33S02 

45 (0-1 -C4 alkyi or C1-C4 trifluoroalkyi), or a heteroaryl selected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxa- 

zolyl, or oxazolyl, said heteroaryl being optionally substituted with -(CH2)pRi; Rai and R32 are independently H, 
C.|_4 alkyi, -(CH2)pC02H, or taken together with nitrogen to which they are bonded constitute a heterocylic ring 
selected from the groups consisting of pyrrolidine or piperidino, said heterocylic ring being optionally substituted 
with -COOH; R33 is H or C.,-C4 alkyi. 

50 R.,3is0orS; 

Ri4 is H or CH3; 
Ri5isHor-(CH2)qRi6; 

55 

R16 is OH, NH2, orC02H; 

R.,7 is H, OH, C1-G4 alkoxy GO2H, SO3H, PO3H2, CONHSO2R8, or tetrazolyl; 
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Y is a R group of a naturally occurring amino acid; 
X' is -0-, -(CH2)p-, or-S-; 
5 m is independently 0 or 1 ; 

n is independently 1 , 2 or 3; 

p is independently 0, 1 , 2, 3 or 4; 

10 

q is 1, 2, 3, or 4; 

r is independently 0,1,2, or 3; providing when Rg is (h), and R12 is not H, the carboxy of (h) is in position 2; and 
when Rq is(h), nn is 0, and R-12 is H, the carboxy of (h) is in position 2 or 3: or a pharnnaceutically acceptable salt 
15 or solvate thereof. 



[0010] Also provided are phamnaceutical formulations comprising of a compound of Formula I together with one or 

more pharmaceutically acceptable excipients, carriers, or diluents. 

[0011] One further aspect of this invention is a process of preparing the compounds of Formula II wherein R2' is (s) 
20 comprising 



a. reacting a compound of Fomnula III 




wherein R22 is bromo, iodo, -CH2-bromo, or -CH2-iodo; and R-jg is an indole protecting group; with a reagent 
selected from an alkyi lithium, l\/lgBr2 or Mg, ZnCl2 orZn, or diisobutylaluminum chloride to prepare a compound 
of Formula IV 




wherein M is LiR22, l\/lgR22> ZnR22, or AI(iso-Butyl)2 respectively; 
45 b. reacting the compound of Formula IV in the presence of a Ni(0) or Pd(0) complex catalyst in an aprotic solvent 

with a compound of the Formula V 




wherein R2 is H, -OH, -OCOCH3, halo, C1-C4 alkyI, or C1-C4 alkoxy; R20 is a protected carboxy, cyano, nitro, or 
methoxy, located in a ortho or para position to R24; and R24 is bromo or iodo; to produce an Indole of Formula VI 
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wherein X" is -CHg-; m is 0 or 1 ; and Rg and Rgo are tine same as previously defined; 

c. isolating the connpound of Formula VI; and 

d. deprotecting the Compound of Formula VI. 

[0012] As noted above, the invention provides compounds of the Formula I which antagonize angiotensin II at the 
receptor sites in the body. Preferred compounds of thisinvention are those compounds of Formula I where is5-tetra- 
zolyl; Rg is hydrogen; Rg is (a) or (d); and R4 contains a L-proline derivative. Particularly preferred compounds are 
those of Formula la. 




wherein Ry is a C4-C9 straight chain all<yl, X' is -0-; m is 1 ; and R-12 is a substituted or unsubstituted phenyl, a substituted 
or unsubstituted fused bicyclic, or a substituted or unsubstituted fused tricyclic. 

[0013] IVIost preferred compounds are compounds in which X' is -0-, and R^g ^ substituted phenyl of the formula: 




wherein R30 is -(CH2)pRi, -0(CH2)pRi, -SO2NR31R32, -(CH2)pCONR3iR32, -(CH2)pNR33S02(Ci-C4 alkyi orCi-C4tri- 
fluoroalkyl), or a heteroaryl selected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxazolyl, or oxazolyl, said heter- 
oaryl being optionally substituted with -(CH2)pRi; R31 and R32 are independently H, C^.4 alkyi, -(CH2)pC02H, or taken 
together with nitrogen to which they are bonded constitute a heterocylic ring selected from the groups consisting of 
pyrrolidine or piperidino, said heterocylic ring being optionally substituted with -COOH; R33 is H or C1-C4 alkyl. 
[0014] Examples of particularly preferred compounds include the following: 
[0015] Examples of particularly preferred compounds include the following: 
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1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-methoxyphenoxy)-L-proline 

1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-((4-methylene phosphonic acid)-phe- 
noxy)-L-proline 

5 

1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzinnidazol-1 -yl]octyl]-4-cis-(4-carboxyphenoxy)-L-proline 

1 -[1 -Oxo-2-[5-(2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-carboxymetliylphenoxy)-L-proline 

10 1 -[1 -Oxo-2-[5-(2-(1 H-tetrazol-5-yl)plienyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-tliiomethoxyphenoxy)-L-proline 

1 -[1 -Oxo-2-[5-(2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-t-butyloxyphenoxy)-L-proline 

1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-methylsulfonyl-phenoxy)-L-prc- 
^5 line 

1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(5-benzofuranoxy)-L-proline 
1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]Octyl]-4-cis-(2-napthoxy)-L-proline. 

20 

[0016] The terms "C^-Cg alkyi," "C1-C4 alkyi," "C1-C5 alkyi," "C^-Cj alkyi," and "C^Cq alkyi" represent a cycio, straight 
or branched chain alkyi group having from one to three, four, five, seven, or nine carbon atoms respectively such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, 1 -methylbutyl, 1 -ethylpropyl, 
neopentyl, tert-pentyl, cyclopentyl, n-hexyl, isohexyl, cyclohexyl, cyclohexyl methyl, 4-methyl hexyl, n-heptyl, t-heptyl, 
25 iso-heptyl and the like. 

[001 7] The term "hydroxy-Ci -C4 alkyi" is a -C4 alkyi substituted with a hydroxy. A hydroxy-C^ -C4 alkyi is preferably 

of the formula HO(CH2)q-, where q is 1 to 4. 

[0018] The terms "C^-C4 trifluoroalkyi," "C^-Cg trifluoroalkyi," and "C^-Cy trifluoroalkyi" represent a straight or 

branched chain alkyi group having from one to four, five, or seven carbon atoms respectively in which the primary 
30 carbon is substituted with fluorine. 

[0019] The term "C4-C9 straight chain alkyi" represents a straight chain alkyl group having from four to nine carbon 

atoms. Examples of a "C4-C9 straight chain alkyl" include n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, and n-nonyl. 

[0020] The term "C4-C9 straight chain trifluoroalkyi" represents a C4-C9 straight chain trifluoroalkyi group in which 

the primary carbon is substituted with fluorine. 
35 [0021] The terms "C^-C4 alkoxy" and "C^-Cy alkoxy" represent a C^-C^ or C^-Cy alkyl group covalently bonded to 

the parent moiety by an -O- linkage. 

[0022] The terms "C1-C4 trifluoroalkoxy" and "C1-C7 trifluoroalkoxy" represent a straight or branched chain C1-C4 
trifluoroalkyi group covalently bonded to the parent moiety by an -O- linkage. 
[0023] The term "halo" includes fluoro, chloro, bromo, and iodo. 
40 [0024] The term "C4-C9 straight chain alkenyl" represents a straight chain alkyl group having from four to nine carbon 
atoms and one double bond. Examples of a "C4-C9 straight chain alkenyl" include n-butenyl, n-pentenyl n-hexenyl, n- 
heptenyl, n-octenyl, and n-nonenyl. 

[0025] The temri "C4-C9 straight chain trifluoroalkenyl" represents a C4-C9 straight chain alkenyl group in which the 
primary carbon atom is substituted with fluorine. Examples of a"C4-C9 straight chain trifluoroalkenyl" include 4-trifluoro- 
45 n-2-butenyl, 5-trifluoro-n-2-pentenyl, 6-trifluoro-n-3-hexenyl, 7-trifluoro-n-4-heptenyl, 8-trifluoro-n-6-octenyl, and 9-tri- 
fluoro-n-5-nonenyl. 

[0026] The term "-(CH2)pRi" represents a straight chain alkyl, branched alkyl, or a straight chain alkenyl bonded to 
or when p is zero. Examples of "-(CH2)pRi" include groups in which the straight chain alkyl, branched alkyl or 
straight chain alkenyl portion include methylene, ethylene, trimethylene, tetramethylene, methylethylene, ethylethyl- 

50 ene, 2-methyltrimethylene, ethenylene, propenylene, and butenylene. 

[0027] The temi "substituted or unsubstituted phenyl" represents phenyl or phenyl substituted with one or more 
groups selected from -(CH2)pRi, -0(CH2)pRi, -(CF2)pC02H, -CONH2, C^-Cj alkyl, CyCj trifluoroalkyi, halo, 
-(CH2)pOH, cyano, phenylsulfonyl, phenyl, thiophenyl,thiocarboxy, C^-Cy trifluoroalkoxy, C^-Cy alkoxy, -S(C^-C4 alkyl), 
-SO(Ci-C9 alkyl), -802(0^-09 alkyl), -SO2NR31R32, -(CH2)pCONR3iR32, -(CH2)pNR33S02(Ci-C4 alkyl or C1-C4 trif- 

55 luoroalkyi), or a heteroaryl selected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxazolyl, or oxazolyl, said heter- 
oaryl being optionally substituted with -(CH2)pRi; R31 and R32 are independently H, C-1.4 alkyl, -(CH2)pC02H, or taken 
together with nitrogen to which they are bonded constitute a heterocylic ring selected from the groups consisting of 
pyrrolidino or piperidino, said heterocylic ring being optionally substituted with -COOH; R33 Is H or C^-C^ alkyl. Pref- 
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erably, a substituted or unsubstituted phenyl is a phenyl substituted with one substituent, preferably -(CH2)pR 
[0028] The temn "fused bicyclic" represents a stable fused bicyclic ring systenn of the formula: 




wherein Z represents a substituted or unsubstituted, saturated or unsaturated 5 or 6 membered ring, said ring having 

from zero to three heteroatoms that are the same or different and that are selected from the group consisting of sulfur, 
oxygen, and nitrogen; and when Z contains two adjacent carbon atoms, the adjacent carbon atoms may be structured 
to form a group of the formula -CH=CH-CH=CH-; provided that (1) when the heterocyclic ring contains 5 members, 
the heteroatoms comprise not more than one sulfur or two oxygen atoms but not both; (2) when the heterocyclic ring 
contains 6 members, Sulfur and oxygen are not present; and (3) when the heterocyclic ring contains a sulfur or oxygen 
atom, the benzofusion is joined to a carbon adjacent to said sulfur or oxygen atom. The fused bicyclic may be attached 
at any carbon which affords a stable structure. The fused bicyclic may be substituted with one or two groups independ- 
ently selected from -(CH2)pRi, -0(CH2)pR-|, -(CF2)pC02H, C^-Cy alkyi, C^-Cy trifluoroalkyi, halo, -(CH2)pOH, cyano, 
phenylsulfenyl, phenyl, thiophenyl, thiocarboxy, C^-Cy trifluoroalkoxy, C1-C7 alkoxy, -S(Ci-C4alkyl), -S0(Ci-C9 alkyI), 
-SOglCi-Cg alkyI), -SO2NR31R32; -(CH2)pCONR3i R32, -(CH2)pNR33S02(Ci-C4 alkyI or trifluoroalkyi), or a heteroaryl 
selected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxazolyl, or oxazolyl, said heteroaryl being optionally substi- 
tuted with -(CH2)pRi; R3-1 and R32 are independently H, alkyI, -(CH2)pC02H, or taken together with nitrogen to 
which they are bonded constitute a heterocylic ring selected from the groups consisting of pyrrolidino or piperidino, 
said heterocylic ring being optionally substituted with -COOH; R33 is H or C1-C4 alkyl. 
[0029] The term "fused tricyclic" represents a stable fused tricyclic ring system of the formula: 




wherein 71 represents a saturated or unsaturated 5 membered ring, said ring having zero or one heteroatom that is 
selected from the group consisting of sulfur, oxygen, and nitrogen; W represents a substituted or unsubstituted, satu- 
rated or unsaturated 6 membered ring, said ring having from zero to three nitrogen atoms. The fused tricyclic may be 
attached at any carbon which affords a stable structure. The fused tricyclic may be substituted with one or two groups 
independently selected from -(CH2)pRi, -0(CH2)pRi , -(CF2)pC02H, C^-Cy alkyl, C^-Cy trifluoroalkyi, halo, -(CH2)pOH, 
cyano, phenylsulfenyl, phenyl, thiophenyl, thiocarboxy, C^-Cy trifluoroalkoxy, C^-Cy alkoxy, -S(C^-C4 alkyl), -SO(Ci-Cg 
alkyl), -S02(Ci-C9 alkyl), -SO2NR3-1R32; -(CH2)pCONR3i R32, -(CH2)pNR33S02(C-|-C4 alkyl or trifluoroalkyi), or a het- 
eroaryl selected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxazolyl, or oxazolyl, said heteroaryl being optionally 
substituted with -(CH2)pR-i; R31 and R32 are independently H, C1.4 alkyl, -(CH2)pC02H, or taken together with nitrogen 
to which they are bonded constitute a heterocylic ring selected from the groups consisting of pyrrolidino or piperidino, 
said heterocylic ring being optionally substituted with -COOH; R33 is H or C-1-C4 alkyl. 

[0030] The term "C^-C4 alkyl substituted phenyl" represents a phenyl substituted in any position with a 0^-04 alkyl 
as presviously defined. 

[0031] The term "R group of a naturally occurring amino acid" represents the variable region of the naturally occurring 
amino acids and is understood in the art. See, for example, Lehninger A. L. Biochemistry , 2nd edition. Worth Publishers, 
p. 73-75, 1975. 

[0032] The term "carboxy protecting group" as used in the specification refers to one of the ester derivatives of the 
carboxylic acid group commonly employed to block or protect the carboxylic acid group while reactions are carried out 
on other functional groups on the compound. The species of carboxy-protecting group employed is not critical so long 
as the derivatized carboxylic acid is stable to the condition of subsequent reaction (s) and can be removed at the 

appropriate point withoutdisruptingthe remainder of the molecule. See E. Haslam, Protective Groups in Organic Chem- 
istry , J.G.W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 5, and TW. Greene, Protective Groups in 
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Organic Synthesis , John Wiley and Sons, New York, N.Y, 1981 , Chapters. A related ternn is "protected carboxy," which 
refers to a carboxy-protecting groups. 

[0033] The term "ester group" is understood in the art. Preferably, an ester group is a C1-C4 alky! group especially 
nnethyl or ethyl. 

5 [0034] The ternn "amino protecting group" as used in the specification refers to substituents of the amino group 
commonly employed to block or protect the amino functionality while reacting other functional groups on the compound. 
The species of ami no-protecting group employed is not critical so long as the derivatized amino group is stable to the 
condition of subsequent reaction(s) and can be removed at the appropriate point without disrupting the remainder of 
the molecule. Preferred amino protecting groups are t-butoxycarbonyl and the benzyloxycarbonyl. See J. W. Barton, 

10 Protective Groups in Organic Chemistry , J.G.W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 2, and 
T. W. Greene, Protective Groups in Organic Synthesis , John Wiley and Sons, New York, N.Y, 1981 , Chapter 7. The 
related term "protected amino" defines an amino group substituted with an amino protecting group as previously dis- 
cussed. 

[0035] By virtue of their acidic carboxylic acid, sulfonic acid, phosphonic acid, or tetrazole moieties, the compounds 
^5 of Formula I include the pharmaceutically acceptable base addition salts thereof. Such salts include those derived from 
inorganic bases such as ammonium and alkali and alkaline earth metal hydroxides, carbonates, bicarbonates, and the 
like, as well as salts derived from basic organic amines such as aliphatic and aromatic amines, aliphatic diamines, 
hydroxy alkamines, and the like. Such bases useful in preparing the salts of this invention thus include ammonium 
hydroxide, potassium carbonate, sodium bicarbonate, calcium hydroxide, methylamine, diethylamine, ethylenedi- 
20 amine, cycle hexylamine ethanolamine and the like. The potassium and sodium salt forms are particularly preferred. 
[0036] Because of the heterocycle moiety of R3, the compounds of Formula I can also exist as pharmaceutically 
acceptable acid addition salts. Acids commonly employed to form such salts include inorganic acids such as hydro- 
chloric, hydrobromic, hydroiodic, sulfuric and phosphoric acid, as well as organic acids such as para toluenesulfonic, 
methanesulfonic, oxalic, para bromophenylsulfonic, carbonic, succinic, citric, benzoic and acetic acid, and related in- 
25 organic and organic acids. Such pharmaceutically acceptable salts thus include sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, bro- 
mide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propi- 
olate, oxalate, maionate, succinate, suberate, sebacate, fumarate, maleate, 2-butyne-1 ,4-dioate, 3-hexyne-2,5-dioate, 
benzoate, chiorobenzoate, methyibenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, xyle- 
ne nesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate, hippurate, p-hydroxybutyrate, glycol- 
late, tartrate, methanesulfonate, propanesulfonate, naphthalene-l-sulfonate, naphthalene-2-sulfonate, mandelate and 
the like salts. 

[0037] The phamnaceutically acceptable salts of compounds of Fomnula I can also exist as various solvates, such 
as with water, methanol, ethanol, dimethylformamide, ethyl acetate and the like. Mixtures of such solvates can also be 
35 prepared. The source of such solvate can be from the solvent of crystallization, inherent in the solvent of preparation 
or crystallization, or adventitious to such solvent. 

[0038] It is recognized that various stereoisomeric forms of the compounds of Formula I exist. This invention is not 

limited to any particular stereoisomer but includes all possible individual isomers and mixtures thereof. 

[0039] The compounds of Formula II, which contain acyano in the R^' moiety can be converted either to the5-tetra- 

40 zolyl final product (R^ is a tetrazolyl), the carboxylic acid final product (R^ is a carboxylic acid) or salts thereof by 
methods known in the art. The tetrazolyl moieties of R^ in Formula i can be prepared by treating the cyano intermediate 
with an alkali metal azide such as sodium azide, ammonium chloride or triethylamine hydrochloride, and (optionally) 
lithium chloride in a non-reactive high boiling solvent such as N,N-dimethylformamide (DMF), preferably at a temper- 
ature from about 60-1 25°C. Preferably, tri-(n-butyl)tin azide or tetramethyl-guanadinium azide, neat or in a solvent such 

45 as tetrahydrofuran, dimethoxy ethane, diethoxyethane, or the like, may be used in place of the alkali metal azide, am- 
monium chloride, lithium chloride, and DMF 

[0040] The carboxylic acids of Formula I can be prepared by the hydrolysis of the cyano intermediate of Formula II 
(R^ ' contains a cyano). The hydrolysis involves the heating of the cyano derivative in aqueous alcohol in the presence 
of a base such as sodium or potassium hydroxide. The salts of the carboxylic acid and the tetrazole final product are 
50 made by reacting the free acid or tetrazole with the appropriate base by standard procedures. 

[0041] The compounds of Formula I which contain a sulfonamide in the R-i moiety can be prepared by converting 
the carboxylic acid of R^ to an acid chloride and then reacting the acid chloride with an aikyi sulfonamide by conventional 
techniques. 

[0042] The compounds of Fomnula I which contain a alkoxy moiety (Rg is an alkoxy) may be readily converted to 
55 hydroxy compounds of Formula I by techniques known in the art. For example, the alkoxy may be cleaved with boron 
tribromide to fomn the hydroxy moiety. 

[0043] The desired products from the above reactions can be isolated by conventional means, and preferably by 
chromatography. Column chromatography is a preferred method. High pressure column chromatography over silica 
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gel and high pressure reverse phase chromatography offer the most efficient way of purifying the final products. Alter- 
natively, crystallization of the acid, tetrazole, or salts may be employed to purify the desired final product. 
[0044] One process for preparing the benzimidazoles, substituted benzimidazoles, indoles and substituted indoles 
of Formula I involves the alkylation of intermediates of the Formula II with an alkylating reagent VII as summarized in 
5 Scheme 1 . 



Scheme . X 

10 

VII vm 

15 

[0045] Where R^', R2', and R4 are the same as previously defined. If R4 is 
20 C 

R7; 

Rq is -(CH2)pR-|. However, if R^ contains a carboxy it should be protected as an ester. If R-, is tetrazole, it is preferred 
25 that the above reaction be carried out with the nitrile and subsequently convert the nitrile to the tetrazole. When pre- 
paring the benzimidazoles of Formula L the preferred ester is 2-(2-hydroxyethyl)pyridlne. R7 is the same as previously 
defined. 

[0046] L is a good leaving group such as chloro, bromo, iodo, mesyl, tosyL and the like. L may also be a hydroxy or 
other precursor which may be readily converted to a good leaving group by techniques known in the art. For example, 
30 the hydroxy may be readily converted to a sulfonic ester such as mesyl by reacting the hydroxy with methanesulfonic 
anhydride to produce the mesylate leaving group. 

[0047] This reaction usually involves approximately equimolar amounts of the two reagents, although other ratios, 
especially those wherein the alkylating reagent is in excess, are operative. The reaction is best carried out in a polar 
aprotic solvent employing an alkali metal salt or other such alkylation conditions as are appreciated in the art. When 

35 the leaving group is bromo or chloro, a catalytic amount of iodide salt, such as potassium iodide may be added to 
speed the reaction. Preferred reaction conditions include the following: lithium bromide and dimethylformamide, po- 
tassium fluoride on alumina in dimethylformamide, sodium bicarbonate in dimethyl-formamide, sodium hydride in 
dimethylformamide, potassium carbonate, potassium iodide, and either methylethyl ketone or acetone. The tempera- 
ture of the reaction is preferably from about ambient temperature to aboutthe reflux temperature of the reaction mixture. 

40 When elevated temperatures are employed, the reaction is generally complete in 1-4 hours. 

[0048] When Rg is protected as an ester, the ester may be readily converted into the acid by methods known in the 
art. For example, the ester moiety may be hydrolyzed with an aqueous base such as 2N NaOH in methanol. The pH 
lowered to 3.0 with 5N HCL. The acid product may then be extracted by conventional means. 

[0049] When Rq is protected as a nitrile, the nitrite may be converted to either a tetrazole derivative or a carboxylic 
45 acid by methods known in the art and previously discussed. 

[0050] One process of preparing the compounds of Formula I that contain an imidazolyl alkyi acid or an imidazolyl 
alkyi in the R4 moiety (Rg is (f)) involves the alkylation of intermediates of Formula II with an alkylating reagent IX 
containing the imidazole derivative as summarized in Scheme 2. 

50 



55 
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Scheme 2 

• y-o — 

Rl8 

IX X 

15 [0051] Ri', R2', Ri, R7, Rg, and L are the same as previously defined. R-iq is an innidazole protecting group such as 
benzyl, trityl, methoxy methyl, diethyl nnethyl, dinnethyl sulfonamoyl, or 2-(trinnethyl silyl)ethoxyinethyl. It is preferred 
that the innidazole is protected during the coupling. See Jones, J. Am. Chem. Society 71 : 383 (1949), Kirk, J. Org. 
Chem. 43: 438 (1978), and Turner et al. J. Org. Chem. 56: 5739 (1991). 

[0052] This reaction occurs at conditions substantially the same as Scheme 1 . The reaction usually involves approx- 
20 imately equimolar amounts of the two reagents, although other ratios, especially those wherein the alkylating reagent 
is in excess, are operative. The reaction is best carried out in a polar aprotic solvent employing an alkali metal salt or 
such alkylation conditions as are appreciated in the art. When the leaving group is bromo or chloro, a catalytic amount 
of iodide salt, such as potassium iodide may be added to speed the reaction. Preferred reaction conditions include the 
following: lithium bromide and dimethylformamide, potassium fluoride on alumina in dimethylformamide, sodium bicar- 
25 bonate In dimethyl-formamide, sodium hydride in dimethylformamide, potassium carbonate, potassium iodide, and 
either methylethyl ketone or acetone. The temperature of the reaction is preferably from about ambient temperature 
to about the reflux temperature of the reaction mixture. 

[0053] The imidazole protecting group (R^g) "^^V cleaved as part of the above alkylation. If not, the protecting 
group must be removed by a deprotection reaction. The imidazole may be deprotected by methods known in the art. 

30 For example, the trityl blocking group may be removed by treating the compound with 2 N hydrochloric acid at 60 - 70° 
C. See Kelly et al. , J. Med. Chem. 20 : 721-723 (1977). Once the imidazole protecting group is removed, thesubstituent, 
Rg, may be added to the imidazole by alkylation reactions known in the art and previously discussed. 
[0054] A process of preparing the compounds of Formula I that contain an tetrazolyl alkyi acid in the R4 moiety (Rg 
is (g)) involves the alkylation of intermediates of Formula II with an alkylating reagent IX containing the tetrazolyl de- 

35 rivative In a reaction analogous to Scheme 2. 

[0055] One process of preparing the compounds of Fomnula I where m is one is summarized in Scheme 3. 



Scheme 3 



NH2 - R4 

45 

XI 

50 

H02C-R2'- R4 



XII • 



[0056] R^ , Rg, R3, R4, X, and Rg' are the same as previously defined. Preferably, if R3 contains a carboxy moiety (i. 



5 

Rl'- R2* 
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e., R4 contains a carboxy) it should be protected during the reaction scheme. 

[0057] Connpounds of Fornnula I that contain a carboxamide linkage (X is -(CH2)mCONH-) nnay be prepared by re- 
acting Compound XI with a carboxyiic acid. For example, to form the carboxamide linkage with a tetrazole moiety in 
R^, Compound XI is coupled with 2-tetrazol-5-yl-benzoic acid. 
5 [0058] Compound XI can be prepared by hydrogenating the nitro containing compounds of Formula 1 1 by conventional 
techniques. For example, the nitro may be hydrogenated over palladium on charcoal in an alcohol such as ethanol to 
form an amine (Compound XI). 

[0059] The coupling reaction between Compound XI and the substituted benzoic acid may be accomplished by any 
of several known methods of coupling carboxyiic acids to amines. 

10 [0060] For example, the carboxyiic acid can be transformed into an acid halide, particularly the acid chloride and 
then reacted with the amine to provide the amide linkage. Conversion of the acid to the corresponding acid chloride 
may be accomplished upon treatment with a reagent such as thionyl chloride or oxalyl chloride optionally in the presence 
of an aprotic non reactive solvent. Preferred combinations include thionyl chloride treatment followed by reaction of the 
amine in tetrahydrofuran in the presence of potassium carbonate, or reaction of oxalyl chloride with the carboxyiic acid 

^5 followed by addition of the amine in dimethylformamide and triethylamine or diisopropyl ethylamine. The amine can 
also be introduced as an acid salt and added together with a nonreactive base. Thus, the amine hydrochloride may 
be added with triethylamine, pyridine, or the like. 

[0061] Alternatively, other amide condensing reagents may also be employed such as 1 ,1 -carbonyldiimidazole or 
1 ,3-dicyclohexylcarbodiimide. These reagents are usually employed in a nonreactive high boiling solvent such as 
20 dimethylformamide and optionally in the presence of reagents such as diisopropylethylamine, hydroxybenzo triazole, 
and the like in order to facilitate reaction. 

[0062] The carboxamide type linkage may also be accomplished by reacting the amine (Compound XI) with the 
corresponding anhydride. This reaction is particularly useful when the acid moiety in is sulfonic or carboxyiic. For 
example, 1 ,2-benzenedi-carboxylic anhydride or 1 ,3-isobenzofurandione may be reacted with the amine to form the 

25 carboxamide type linkage with Ri as a carboxyiic acid. The sulfonic acid may be prepared similarly by reacting sul- 
fobenzoic anhydride with the amine to form the carboxamide type linkage with Ri as a sulfonic acid. These reactions 
are accomplished by mixing the two reagents in one or more nonreactive solvents, such as tetrahydrofuran or ace- 
tonitrile. This reaction is the preferred method of preparing the compounds of Formula I that contain a carboxamide 
linkage. The anhydride may be readily substituted with a alkoxy, hydroxy or -OCOCH3 to fomn the desired Rg moiety 

30 and reacted as described above. 

[0063] Alternatively, anhydrides may be reacted with one equivalent of an alcohol to provide a monoacid monoester 
which may be coupled with Compound XI by methods previously discussed. 

[0064] Compounds of Formula I that contain a tetrazolyl in the Ri moiety and a carboxamide type linkage (X is 
-(CH2)mNHCO-) may be prepared by similar reaction conditions but employing cariDoxy moiety (Compound XII) with 
35 an ortho aminobenzonitrile. Once the coupling is completed, the nitrile may be readily converted to the tetrazolyl or 
carboxy moiety as previously discussed. 

[0065] The amine type linkage (X is -NH-) may be accomplished by methods known in the art. For example, an 
Ullman reaction may be performed on Compound XI and a bromo containing compound such as 2-bromobenzonitrile 
to form compounds of the Formula I. Typical Ullman conditions include the reaction of the reagents in the presence of 
40 copper bronze and copper chloride in pyridine or dimethylformamide. 

[0066] The ether linkage (X is -(CHg)^^©-) can also be prepared by the Ullman reaction employing the hydroxy 
analog of Compound XI. It is preferred that the acid moieties be protected during the reaction. 
[0067] The ketone linkage (X is -(CH2)niCO-) for the compounds of Formula I which are indoles or indazoles may be 
prepared by coupling compound XIV with a substituted benzenecariaaldehyde as described in Scheme 4. 

45 
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Scheme 4 




CHO 



XIII 



xrv 



XV 



[0068] R25 is defined to be a protected carboxy group, protected thiol group, protected pliosplionic group, oxazoline, 
or cyano. Preferably, R25 is protected as a salt or an ester. is C or N. R2 and m are the same as previously defined. 
However, if R2 is defined to be OH, it must be protected during the coupling reaction. Preferably, the coupling is carried 
out with the hydroxy protected as an alkoxy and subsequently deprotecting as previously discussed. R-19 is a indole 
protecting group as described in Greene, Protecting Groups of Organic Synthesis , 218-270 (1981). R21 is halo. 
[0069] Compound XIV is reacted with a lithiating reagent such as an alkyi lithium (e.g., Butyl-Li) in a metal halogen 
exchange. The resulting litho indole intermediate may then be reacted with the benzenecarbaldehyde (Compound Xill) 
and oxidized by conventional techniques to provide the desired intermediate XV. The reaction is best carried out in an 
aprotic solvent with an approximately equimolar ratio of the reactants. The protecting group (R25 and/or R^g moieties) 
may be removed by techniques known in the art or previously discussed. 

[0070] The ketone linkage (X is -(CH2)mCO-) for the compounds of Formula I which are benzimidazoles or azaben- 
zimidazoles may be prepared as described in Scheme 5. 



[0071] R28 is H or halo. Rg, m, and Rge are the same as previously defined. However if Rg is defined to be OH, it 
must be protected during the coupling reaction. It is preferred that the hydroxy is protected as an alkoxy and subse- 
quently deprotecting. Compound XVIII may be prepared by reacting Compound XVII, with a lithiating agent as previ- 
ously discussed to produce the corresponding lithio intermediate. The lithio intermediate may then be reacted with 
compound XVI, an acid chloride, to produce compound XVIII with the oxazoline in the preferred ortho position to the 
ketone linkage. 

[0072] Alternately, the para oxazoline of Compound XVIII may be prepared by reacting Compound XVII with the acid 
chloride in a Friedel-Crafts acylation. The Friedel-Crafts acylation is best carried out in the presence of a Lewis acid 
such as aluminum chloride, in a non-reactive solvent such as dichloromethane. 

[0073] The oxazoline may be converted to a carboxy moiety or a cyano by techniques known in the art. See Meyers 
et al., J. of Am. Chem. Soc. 97: 7383-7385 (December, 1 975). 

[0074] Compound XVIII may be hydrogenated by conventional techniques and further reacted as described in 
Scheme 10 to form the benzimidazole or substituted benzimidazole of Formula I. 



Scheme 5 




NO2 
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[0075] The process of preparing the compounds of Formula I which are carboxamido denvatives is summarized in 
Scheme 6. 



Carboxamido derivatives 
of Formula I 



15 

[0076] Compound XIX is a compound of the Formula I in which Rg contains a carboxylic acid. Carboxamido deriva- 
tives of Formula I Include, for example, compounds in which Rg is defined to be (h), (i), (j), (k), (I), (m), (n), -CONH 
(C1-C4 alkyi), -CONH(C^-C4 trifluoroalkyi), -CONH (hydro xy-Ci-C4 alkyi). Compound XX is the appropriate amine to 
produce the desired carboxamido derivative of Formula I. 
20 [0077] The coupling reaction between the Compound XIX and an amine is a standard coupling reaction between 
carboxylic acids and amines. Preferably, If the amine contains a carboxyl, the carboxyl group Is protected during the 
reaction by a protecting group by methods known In the art. Alternatively, if the amine is a hydroxyproline derivative, 
the lactone may be prepared to protect the carboxyl during the coupling reaction. 

[0078] The coupling reaction between carboxylic acids and amines can be accomplished by any of several known 
25 methods. The preferred method in this scheme Is to employ an amide condensing reagent, 1 ,3-dicyclohexylcarbodi- 
imide, in a nonreactive high boiling solvent such as dimethylformamide in the presence hydroxybenzotriazole. 
[0079] The alkyi ester or trifluoroalkyi ester of Formula I (Rg is -COO(Ci-C4 alkyi) or -COO(Ci-C4 trifluoroalkyi)) can 
be prepared by reacting the acid chloride of compound XIX with the appropriate alcohol. For example, to form the 
trifluorobutyl ester, the acid chloride may be reacted with trifluorobutanol. This coupling may be accomplished by meth- 
30 ods known in the art. The reaction is typically carried out in a non reactive solvent in the presence of a n on reactive 
base such as triethylamine or pyridine. 

[0080] An additional aspect of the present invention is a novel process of preparing the compounds of Formula II 
which are the intermediates of the indole and substituted indole derivatives of Formula I. The process is summarized 
in Scheme 7. 

35 

Scheme 7 

40 
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[0081] R20 is a protected carboxylic group, cyano, nitro or methoxy, located ortho or para to R24. X" is -CH2-. R2, nn, 
and R^9 are the same as previously defined. R22 is a bromo, iodo, -CH2-bromo, or -CH2-iodo. R24 is bromo or iodo. 
However, if Rg is defined to be OH, it should be protected during the coupling reaction. It is preferred to carry out the 
55 coupling with the hydroxy protected as a alkoxy and subsequently deprotecting as previously discussed. Preferably, 
R22 is a bromo; R24 is bromo; R20 is a cyano; and R-19 is triisopropylsilylindole. 

[0082] This coupling as depicted in Scheme 7 is a novel process of preparing indole intermediates of the Formula II. 
[0083] The first step of the process is to react the halo indole (III) with a reagent selected from alkyi lithium, MgBr2 




XIX XX 
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or Mg, ZnCl2 or Zn, or diisobutylaluminum chloride to prepare an organometallic indole of the formula 



Ri9 IV 

10 

wherein M is a Li, MgR22, ZnR22, or Al(i-Butyl)2 respectively. For example, to prepare the lithium indole. Compound III 
Is reacted with an alkyi lithium. The magnesium halide indole is prepared as a Grignard reagent or by reacting the lithio 
indole with magnesium bromide, The zinc chloride indole is most readily prepared by reacting the lithio indole with 

^5 anhydrous zinc chloride, The diisobutylalane (Al(i-Butyl)2) is most readily prepared by reacting lithio indole with di- 
isobutylaluminum chloride. The zinc organometallic indole is the preferred reagent. The zinc organometallic indole is 
most readily prepared in an aprotic solvent such as ether, dioxane, or preferably tetrahydrofuran below about -60° C. 
[0084] The catalyst used in the coupling reaction is a Ni(0) or Pd(0) complex catalyst. The preferred catalyst is 
prepared in situ by reacting nickel acetylacetonate and triphenylphosphine and reducing the nickel using a metal hydride 

20 reducing agent such as lithium aluminum hydride or preferably diisobutylaluminum hydride. This catalyst is best pre- 
pared at low temperatures, below about -60° C. Other transition metal catalyst such as palladium chloride, ortetrat- 
riphenylphosphine palladium zero may be employed. When Rgo is nitro, the palladium catalyst is preferred. 
[0085] Compound V and the indole solution are added preferably in an approximately equimolar ratios. It is advan- 
tageous to add the substituted benzene, Compound V, several minutes before adding the indole solution. The reaction 

25 occurs at ambient temperatures. The product. Compound VI - a substituted phenyl indole, is isolated by conventional 
means. 

[0086] This process may be used to prepare the indoles of Formula I which contain a -CH2- linkage (X is CH2). To 
prepare the CH2 linkage, Rg-i is defined to be -CH2- halo. Compound III may then be coupled with compound V as 
previously described to form compound VI with a -CH2-linkage. 

30 [0087] The indole protecting group may be removed by conventional techniques. Greene, Protecting Groups of Or- 
ganic Synthesis , at 283. For example, the triisopropylsilyl group is removed by reacting the protected indole with tetra- 
n-butylammonium fluoride at room temperature. The deprotection is best carried out in an aprotic solvent such as 
tetrahydrofuran. This scheme is the preferred process of preparing Compound VI, the intermediates of the indole and 
substituted indole derivatives of Formula I. 

35 [0088] When preparing the phosphonic acid derivatives of Formula I (R^ is PO3H2), Compound V is nitrobromoben- 
zene (Rgo is nitro, Rg-i is bromo). The nitro moiety of the resulting Compound VI may be converted to a halo and 
subsequently to the phosphonic ester by techniques known in the art. For example, the product of the scheme, 5-(2-ni- 
trophenyl)indole, may be converted to an amine by reacting the amine with HBr to form the bromo substituted phenyl, 
and further reacting the bromo moiety with triethyl phosphite in a nickel chloride solution. The phosphonic ester may 

40 then be hydrolyzed to form the phosphonic acid. 

[0089] When preparing the sulfonic acid derivatives of Formula I (R^ is SO3H), Compound V is 1 -bromo 2-methoxy- 
benzene. Compound VI therefore contains a methoxy moiety which may be converted to a sulfonic acid by techniques 
known in the art. For example, Compound VI may be reacted with boron tribromide and chlorothiocarbamate. The 
resulting intermediate may undergo a Newman rearrangement by applying heat and oxidizing to form the sulfonic 

45 moiety. See Newman et al. J. of Org. Chem. 31_: 3980 (1 966). 

[0090] An alternative process of preparing the compounds of Formula II that are intermediates of indole and substi- 
tuted indole derivatives of Formula I and that also contain a carboxy moiety in R-i is summarized in Scheme 8. 
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Scheme 8 



XXI XXII XXIII 

[0091] R^gand Rqa are the same as previously defined. is independentlytlie same as previously defined providing 
that at least one R2 is an alkoxy. However, if Rg is defined to be OH, it must be protected during the coupling reaction. 
It is preferred to carry out the coupling with the hydroxy protected as an alkoxy and subsequently deprotecting as 
previously discussed. R23 is a oxazoline or substituted amide. Preferably, R-19 is triisopropyl-silylindole; R21 is bromo; 
R23 is an oxazoline; and R2 is methoxy and hydrogen. 

[0092] This reaction usually involves approximately equlmolar ratios of the reactants. The reaction begins with a 
metal halogen exchange of Compound XXI. Compound XXI, a halo indole, is reacted with a Nth latin g agent to exchange 
the halo for a lithium resulting in a lithio indole. The reaction is carried out at low temperatures (below about -60° G) 
and in a nonreactive solvent. Preferably, the reaction is carried out in tetrahydrofuran or mixtures of tetrahydrofuran in 
other solvents. 

[0093] The subsequent coupling reaction is the displacement of the alkoxy from Compound XXII with the lithio indole 
produced by the metal halogen exchange. The reaction is best carried out in tetrahydrofuran at ambient temperatures. 
As previously discussed, the indole protecting group is removed by conventional techniques. 

[0094] The oxazoline protecting group may be converted to the carboxylic moiety of R^ of Formula I by methods 
known in the art and previously discussed. 

[0095] The indoles of Formula I which contain a ketone linkage (X is -CO-) and a meta R^ substitution (R^ is meta 
to the ketone linkage) may be prepared by reacting Compound XXI with an lithiating agent to exchange the halo for 
lithium, and then coupling the lithioindole with an acid chloride such as 3-bromobenzoyl. The resulting bromo indole 
intemnediate can be converted to the cyano intermediate and deprotected by techniques previously discussed. 
[0096] One process of preparing the compounds of Formula I that contain a 3-substituted indazole derivative (R3 is 
a 3-substituted indazole) is summarized In Scheme 9. 





[0097] R27 is defined to be C^-C^ alkyl. R2 is the same as previously defined. However, if Rg is defined to be OH, it 
should be protected during the coupling reaction. It is preferred to carry out the coupling with the hydroxy protected as 
an alkoxy and subsequently deprotecting as previously discussed. 

[0098] Compound XXIV is nitrated by conventional techniques. For example, Compound XXIV may be added slowly 
to a mixture of nitric acid and sulfuric acid, diluted with cold water, dissolved in tetrahydrofuran and condensed to the 
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4-nitro derivative of Compound XXIV. This derivative is then hydrogenated, acetylated with acetic anhydride and further 
reacted to fornn the indazole, Connpound XXVI, as described in Baunngarten, Organic Synthesis Collective Volunne 5: 
650-653 (1973). 

[0099] The 3-substitution (R^q) achieved by ennploying the desired Rgy substituent. For example, the ethyl 

5 substitution (R^q 's ethyl) may be prepared by employing Compound XXIV with R27 defined to a propyl in the above 
scheme. 

[0100] A process of preparing the compounds of Formula II which are the intermediates of the benzimidazole and 
the substituted benzimidazole derivatives of Formula I is summarized in Scheme 10. 

10 

Scheme 10 
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[0101] R2, R26' 1^25 ^5 the same as previously defined. However, if Rg is defined to be OH, it must be 
protected during the coupling reaction. It is preferred to carry out the coupling with the hydroxy protected as an alkoxy 
and subsequently deprotecting as previously discussed. 

[0102] Compound XXVII, a diamine, may be readily converted into a benzimidazole by techniques known in the art 

30 such as reacting Compound XXVII with an ester, carboxylic acid, or an imino ether. 

[01 03] For example, the compounds of Formula II may be prepared by reacting the diamine with the desired carboxylic 
acid. Therefore, to prepare the unsubstituted benzimidazole, the diamine is reacted with formic acid. Likewise, to pre- 
pare a 2-substituted benzimidazole such as trifluoromethyl benzimidazole, the diamine is reacted with trifluoroacetic 
acid. Preferably, the reaction is carried out at the reflux temperature. 

35 [0104] Alternatively, the 2-substituted benzimidazole may be prepared employing the imino ether with Compound 
XXVI I. For example. Compound XXVI I may be reacted with ethyl, hexanoamidate hydrochloride in ethanol to form the 
pentyl substitution. Likewise, the -(CH2)m-anriino compounds may be prepared by reacting Compound XXVII with a 
halo substituted imino ester, e.g., ethyl chloroacetoimidate, and subsequently substituting the halo by an amino-de- 
halogenation reaction. Forexample, the2-chloromethyl substitution of CompoundXXVIII may beprepared as described 

40 and further reacted with dimethylamine to form 2-dimechylaminomethyl substitution on Compound XXVI 1 1 (R5 is dime- 
thyl-aminomethyl). 

[0105] The compounds of Formula I which contain an acid moiety in R5 may be most readily prepared by reacting 
Compound XXVII with a dicarboxylic acid in an aprotic solvent. Preferably, one of the carboxy groups is protected. 
Examples of dicarboxylic acids which contain a protected carboxy group include mono methylsuccinate, mono meth- 

45 ylglutarate, and the like. The unprotected carboxy in the acid is reacted to form an active ester by reacting the acid 
with an alcohol in the presence of a dehydrating agent. The active ester then reacts with the diamine to form Compound 
XXVIII with R5 containing a protected carboxy. Preferably, the dehydrating agent is dicyclohexylcarbodiimide and the 
alcohol Is hydroxybenzotriazole. The carboxy may then be deprotected by techniques known in the art. 
[0106] An active ester is defined to mean an ester which renders the carboxyl function of the acylating group reactive 

50 to coupling with the diamine groups of Compound XXVII. 

[01 07] The benzimidazoles of Formula I which contain a ketone linkage (X is -(CH2)mC0-) and a meta Ri substitution 
(R., is meta to the ketone linkage) may be prepared by techniques known in the art. For example the ketone linkage 
(X is -CO-, m is 0) may be prepared by brominating 4-amino-3-nitrobenzophenone and displacing the bromide with a 
nitrile by techniques known in the art and previously discussed. The nitro may then be hydrogenated and reacted 

55 according to Scheme 1 0 to form 5-(3-cyanobenzoyl)-1 H-benzimidazole intermediate. 

[0108] The 3-substjtuted indoles of Formula I are readily prepared by techniques known in the art. For example, the 
3-substituted indoles of Formula 1 may be prepared by reacting the indole with a Grignard reagent such as ethyl mag- 
nesium bromide and then reacting the indole with an alkyi halide. For instance, to form the 3-propyl indole derivative. 
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the alkyi halide could be propyl bromide. 

[0109] The substituted phenoxy proline derivatives may be readily prepared in accordance with Scheme 11 . 




XXIX XXX XXXI 



[0110] In scheme 11 above R34 is a amino protecting group, preferably carbobenzyloxy; R35 is a carboxy protecting 
group, preferably a C^-C4 alkyI to form an ester. The phenol, Compound XXX, reacted in accordance with this scheme 
to prepare the compounds of Formula I wherein R12 is a substituted phenyl as previous by defined. 
[0111] The reaction protrayed is a known in the art as a Mitsunobu reaction. See Mitsunobu, 0., Synthesis 1 (1981). 
Preferably, the reaction is carried out in the presence of triphenylphosphine and diethyl azodicarboxylate in an aprotic 
solvent such as THF. At the completion of this scheme Compound XXXI may be deprotected to form the amino and 
further reacted in accordance with scheme 6. 

[0112] As noted above, the compounds of this invention contain at least one chiral center, that being the carbon 
atom in the group R4. While all of the above schemes address reactions involving racemic reagents and products, 
each of the reactions can be performed using a chiral starting matehal to provide a particular enantiomer of interest. 
The reactions of Scheme 1 and Scheme 2 are particularly useful since the introduction of the chiral center is the 
penultimate step. Alternatively, particular isomers can be isolated from the racemate by resolution employing standard 
methods, such as fractional crystallization, high pressure liquid chromatography, reverse phase chromatography and 
the like. These resolutions can be accomplished either on the final product Formula I, intermediate Formula II, at any 
stage along the synthetic pathway, or on derivatives of the final product and intermediate. 

[0113] In all of the above schemes, it is preferred that the reactions be carried out wherein all of the R^ groups are 

protected during the coupling reaction and deprotected as described above. However, one skilled in the art recognizes 
that many of these reactions can be performed on the free acid or tetrazole if the appropriate reaction conditions, 
blocking reagents, orthe like are used. Since the R^ moieties are considerably different in their sensitivity to hydrolysis, 
the sequence for transforming intemnediates of the Formula II to final products having both an acid and tetrazole group 
Is not critical. 

[0114] Compounds III, V, VII, IX, XIII, XIV, XVI, XVII, XX, XXI, XXII, and XXIV, XXIX, XXX and any other reagents 
required for their transformation, are either commercially available, known in the art, or can be prepared by methods 
known in the art. 

[0115] The following examples and preparations are provided merely to further illustrate the invention. The scope of 
the invention is not construed as merely consisting of the following examples. 

[0116] In the examples and preparations melting point, nuclear magnetic resonance, mass spectrometry, high pres- 
sure liquid chromatography over silica gel, N,N-dimethylformamide, palladium on charcoal, diisobutylaluminum hy- 
dride, and tetrahydrofuran are abbreviated M.Pt., NMR, MS, HPLC, DMF, Pd/C, DIBAL and THF, respectively. The 
terms "NMR" and "MS" indicate that the product spectrum was consistent with the desired structure. 

Preparation 1 

2-Cyanoblphenyl 

[0117] A solution of ZnCl2(0.735 M, 100 g anhydrous) in THF (200 ml) was cooled to -50° C. Phenyllithium (0.725 
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moles, 403 ml in cyclohexane/di ethyl ether) was slowly added while maintaining the temperature below -35° C. The 
solution was allowed to warm to -15° C and then cooled to -50° C. 

[011 8] In a separate container, nickel acetylacetonate (0.036 moles, 9.25 g of 5 % molar ratio) and triphenylphosphine 
(0.145 moles, 38.0 g) were dissolved in 200 ml THF and cooled to -30° C. Diisobutylaluminum hydride (36.25 ml of 1 
M solution in THF) was added. 2-Bromobenzonitrile (0.725 moles, 131 .95 g) was added to the solution. The solution 
was cooled to -50° C. The zinc chloride/phenyl lithium solution was added while maintaining the temperature below - 
50° C. The temperature was allowed to slowly warm to room temperature. The mixture was partitioned between ether 
and 250 ml 1 N HCI. The organic phase was washed with water, dried over sodium sulfate and concentrated to a reddish 
oil. 2-Cyanobiphenyl was purified by chromatography over silica gel columns eluted with hexane. (MS) 



Preparation 2 
2-Cyano-4-nitrobiphenyl 

[0119] 2-Cyanobiphenyl (0.111 moles, 20.0 g) and ammonium nitrate (10.0 grams) were added to 250 ml chloroform. 
Trifluoroacetic anhydride (80 ml) was added. The reaction mixture was stirred until the ammonium nitrate was dissolved. 
The reaction mixture was added to 300 ml of ice water. The organic layer was separated, dried over sodium sulfate, 
and concentrated in vacuoto yield 23.5 g of 2-Cyano-4-nitrobiphenyl. (MS) 
M. Pt.: 111-115° C. 



Calculated forCigHgN 


2O2: 


C, 69.64; 


H, 3.60; 


N, 12.49. 


Found: 


C, 69.45; 


H, 3.74 ; 


N, 12.26. 



Preparation 3 

4-Acetamlno-2-cyanobiphenyl 



[0120] 2-Cyano-4-nitrobiphenyl (0.067 moles, 15.0 g.) was dissolved in 100 ml ethyl acetate/100 ml ethanol and 
hydrogenated at 40 psi over 3.0 g of 10% palladium on carbon, The catalyst was removed by filtering though celite. 
The solvents were removed in vacuo. The residue was dissolved in 175 ml of methylene chloride. Acetic anhydride 
(15 ml) was added. The reaction was stirred at room temperature for 30 minutes and poured over ice. The organic 
layer was dried, concentrated, and then purified by HPLC over silica gel eluted with a gradient of 0-10% ethyl acetate 
in chloroform. (MS) 

M. Pt.: 173-174.5° C. 



Preparation 4 

4-(2-Cyanophenyl)-3-nitroaniline 



Calculated for C15H12N2O: 



C, 76.15; H,5.12; N, 11.85 



Found: 



C, 76.12; H, 5.31; N, 11.82. 



[0121] 4'-Acetamino-2-cyanobiphenyl (0.265 moles, 62.47 g.) was added at -15 to -20° C to 600 ml of concentrated 
sulfuric acid. While maintaining the temperature below -15° C, nitric acid (0.278 moles, 17.5 g of 90%) in 200 ml of 
concentrated sulfuric acid was added dropwise. The reaction was stirred for 30 minutes following the addition and then 
for 3 hours at room temperature. The reaction was poured onto ice with vigorous stirring. The precipitate was filtered 
and dried. The solid was stirred in methanol (6 liters) and 2 N sodium hydroxide (11 liters) for 6 hours, filtered and 
dried. The reaction produced 60 g of 4-(2-Cyanophenyl)-3-nitroaniline. (MS) 
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Preparation 5 

2-(3,4-Diaminophenyl)benzonitrile 

5 [0122] 4-(2-Cyanophenyl)-2-nitroaniline (0.042 moles, 10 g.) was dissolved in 200 ml ethanol and hydrogenated at 
40 psi over 10 g of 10% Pd/C. The solution was filtered, concentrated, and purified by HPLC eluted with a gradient of 
0-50% ethyl acetate in toluene. (MS) 



10 



Calculated for C13H11 


N3: 


C, 74.62; 


H, 5.30; 


N, 20.08. 


Found: 


C, 74.50; 


H, 5.41; 


N; 19.52. 



15 

Preparation 6 



5-(2-Cyanophenyl)benzinriidazole 

[0123] 2-(3,4-Diaminophenyl)benzonitrile (0.04 moles, 8.3 g) was refluxed in 100 ml formic acid for 3 hours. The 
solution was concentrated in vacuo, triturated with toluene, and dissolved in water. The pH of the solution was adjusted 
to 7.5 with 2 N sodium hydroxide. The intermediate was extracted with ethyl acetate. The organic layer was dried over 
sodium sulfate and concentrated in vacuo. The solid was triturated with 25% ethyl acetate/75% hexane, filtered and 
purified by HPLC on silica gel eluted with a gradient of 50-75% ethyl acetate in hexane. The reaction yielded 7.3 g of 
5-(2-cyanophenyl)benzimidazole. (MS) 



Calculated for C14H9N3: 


C, 76.60; 


H, 4.14; 


N, 19.17. 


Found: 


C, 76.40; 


H. 4.12; 


N, 18.92. 



Preparation 7 

5-(2-Cyanophenyl)-1-triisopropylsilvlindole 



[01 24] sec-Butyllithium (41 mmole, 31.5 ml) was added dropwise over 1 0 minutes to 5-bromo-1 -triisopropylsilylindole 
(40 mmoles, 14.0 g) in 400 ml THF at -78° C. The solution was stirred for 15 minutes. A solution of anhydrous ZnClg 
in 50 ml THF was added. The solution was warmed to 0° C and stirred for 40 minutes. In a separate flasl< nicl<el 
acetylacetonate (1.5 mmole, 0.385 g) and triphenylphosphine (6.0 mmoles, 1.60 g) were dissolved in 20 ml of THF 
and cooled to -78° C. DIBAL (1 .5 mmole, 1 .5 ml of 1 .0 M solution in hexane) was added. The solution was stirred for 
1 0 minutes. 2-Bromobenzonitrile (39.9 mmoles, 7.26 g) was added. After stirring for 5 minutes, the indole solution was 
added over a 10 minute period. The mixture was allowed to warm to room temperature, stirred for 2 hours, and then 
added to ether and brine. The organ ic phase was dried over magnesium sulfate and concentrated in vacuo. The product 
was chromatographed over silica gel eluted with 0-1 5 % ether in hexane to yield 7.83 g of 5-(2-cyanophenyl)-1 -triiso- 
propylsilylindole. (MS) 



Calculated for C24H3QN2Si: 


C, 76.95; 


H, 8.07; 


N, 7.48. 


Found: 


C, 76.60; 


H, 8.20; 


N, 7.69. 
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Preparation 8 
5-(2-CyanQphenyl)indole 

5 [0125] Tetra-n-butylammonium fluoride (8.0 mmoles, 8 ml of 1 .0 M solution in THF) was addedto 5-(2-Cyanophenyl)- 
1 -triisopropylsilylindole (4 mmole, 1 .5 g) in 5 ml THF and stirred at roonn tennperature for 5 nninutes. The reaction was 
added to brine and extracted with ether. The ether solution was dried over sodium sulfate and concentrated. The 
residue was chromatographed over silica gel eluted with chloroform to yield 0.69 g of 5-(2-cyanophenyl)indole. (MS) 



10 


Calculated for C^sH^q 






C, 82.55; 


H, 4.62; 


N, 12.84. 




Found: 


15 


C, 82.26; 


H, 4.76; 


N, 12.98. 



Preparation 9 



2-Carboxy-6-hydroxybenzenesulfonic acid 

20 

[0126] Methyl 2-hydroxy-3-methoxybenzoate (0.027 moles, 5.0 g) was added to a suspension of sodium hydride 
(0.03 moles, 1 .45 g of 50% in mineral oil) in 50 ml DM F and stirred at room temperature for 1 hour. DimethythiocarbamoyI 
chloride (0.03 moles, 3.73 g) In 40 ml DMF was added dropwise over 1 hour. The reaction was stirred for 18 hours. 
Ethyl acetate was added. The solution was thoroughly washed with brine, dried and condensed. The residue was 
25 purified by HPLC over silica gel eluted with 50% ethyl acetate In hexane to yield 0.9 g of 0-(2-carbomethoxy-6-meth- 
oxyphenyl)-N,N-dimethylthiocarbamate. (MS). 



Calculated for C12H15 


NO4S: 


C, 53.52; 


H,5.61; 


N, 5.20. 


Found: 


C, 53.35; 


H, 5.54; 


N, 5.07. 



[0127] 0-(2-Carbomethoxy-6-methoxyphenyl)-N,N-dimethylthiocarbamate (720 mg) was heated at 220'' C for 100 
minutes, and cooled to yield 700 mg of S-(2-carbomethoxy-6-methoxyphenyl)-N,N-dimethylthiocarbamate. (MS) 



Calculated for C12H15 


NO4S: 


C, 53.52; 


H,5.61; 


N,5.20. 


Found : 


C, 53.74; 


H,5.60; 


N,4.92. 



[0128] S-(2-carbomethoxy-6-methoxyphenyl) -N,N-dimethylthiocarbamate (14.4 mmoles, 3.9 g) was dissolved in 66 
45 ml formic acid. Hydrogen peroxide (24 ml of 30%) was added dropwise with cooling when required. The reaction was 
stirred at room temperature for 16 hours and condensed. Toluene (100 ml) was added to the residue. The toluene 
solution was concentrated. The solid was slurried in ether and filtered to yield 3.0 g of 2-Carbom6thoxy-6-methoxy- 
benzenesulfonic acid dimethylamine salt. 

[0129] 2-Carbomethoxy-6-methoxybenzenesulfonic acid dimethylamine salt (9.0 mmoles, 2.6 g) was added drop- 
50 wise at -20° C to a solution of boron tribromide (27 mmoles, 3.8 ml) in 50 ml methylene chloride and stirred at -20° C 
for 10 minutes and at room temperature overnight. The reaction was quenched with water. The pH was adjusted to 
8.0 using 2N NaOH. The aqueous solution was washed with methylene chloride. The pH of the water layer was adjusted 
to 1 .0 with 2N HCL. The intermediate was extracted with ethyl acetate and condensed. The solid triturated with ethyl 
acetate and filtered to yield 1 .6 g of 2-carboxy-6-hydroxybenzenesulfonlc acid. 

55 
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Preparation 10 

N-Carbobenzyloxy-4-trans-hydrQxy-L-proline methyl ester. 

5 [0130] A solution of silver oxide (I) (1 .08 moles, 250 g) in 1500 ml acetone was cooled to -5° -0°C. N-carbobenzyloxy- 
4-trans-hydroxy-L-proline (0.5 moles, 132.6 g) was added. The solution was stirred for 25 minutes. Methyl iodide (1 .2 
moles, 1 70.4 g) was added at -6° C over 25 minutes. The reaction was stirred at room temperature for 5 hours, filtered, 
and concentrated. The intennediate was dissolved in ethyl acetate, filtered through silica gel and concentrated. (MS) 



10 


Calculated for C^^H^j 


NO5: 




C, 60.21; 


H,6.13; 


N,5.01. 




Found: 


15 


C, 60.40; 


H, 6.26; 


N, 5.06. 



Preparation 11 



N-Carbobenzyloxy-4-cis-phenoxy-L-prollne methyl ester. 

20 

[0131] N-Carbobenzyloxy-4-trans-hydroxy-L-proline methyl ester (0.267 moles, 74.5 g), phenol (0.282 moles, 26.5 
g), and triphenylphosphine (0.279 moles, 73.3 g) were dissolved in 750 ml of THF, and cooled to -3° C. Diethyl azi- 
dodicarboxylate (0.284 moles, 45 ml) was added dropwise over 2 hours. The reaction was stirred at room temperature 
overnight and then concentrated. The residue was dissolved in ether, filtered and concentrated. The intermediate was 
25 chromatographed over silica gel eluted with a gradient of 0-40% ethyl acetate in hexane to yield 41 .0 g. (NMR) 

Preparation 12 

4-Bromo-t-butoxybenzene. 

30 

[0132] 4-Bromophenol(57.8 mmoles, 10.0 g) was added to a -30° C solution of isobutylene (40 ml) and methylene 
chloride (50 ml) and then cooled to -78°C. Trifluoromethanesulfonic acid (4 mmoles, 0.35 ml) was added. The mixture 
was held at -78°C for 4 hours and then allowed to warm to room temperature. Triethylamine (0.5 ml) was added; the 
solvent was removed. The residue was chromatographed over silica gel eluted with 1% ethyl acetate in hexane to yield 
35 12.4 g. (MS) 



40 



Calculated for C^oHiaBrO: 


C, 52.42; 


H, 5.72. 


Found: 


C, 52.69; 


H, 5.67. 



Preparation 13 
4-t-Butoxyphenol. 

[0133] Sec-butyllithium (53.2 mmoles, 41 ml of 1 .3M in hexane) was added dropwise at -78° C to 4-bromo-t-butoxy- 
benzene (53.2 mmoles, 12.2 g) in 200 ml THF, stirred at -78° Cfor 1 hour, and added slowly to a solution of triisopro- 
pyiborate (58.5 mmoles, 1 1 .Og) in 50 mi THF while maintaining the temperature below -60° C. The mixture was allowed 
to warm gradually to -20° C. Chilled acetic acid (80 mmoles, 9. 6 ml) was added. Hydrogen peroxide (58.5 mmoles, 5.9 
ml of 30% diluted with 5 ml water) was added dropwise over 15 minutes while maintaining the temperature below 0° 
C. After stirring 10 minutes, the solution was washed with ammonium sulfate solution, dried, and concentrated. The 
residue was triturated with hexane and filtered to yield 4.2 g of 4-t-butoxyphenol. (MS). 



55 


Calculated for C^ol^uOa- 




C, 72.26; 


H, 8.49. 
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(continued) 



Found: 


C, 72.54; 


H, 8.27. 



Preparation 14 

Diethyl-(4-hydroxy)-phenethylphosphonate. 

[0134] A solution of tetraethylmetfiyienediphosphonate (6.22 g, 21 .6 mmoi) in 30 mL of anhydrous THF at -30°C 
under N2 was treated with nBuLi (1 5.0 mL, 1 .6 IVI solution in hexanes) dropwise via syringe. The resulting solution was 
warnned to 0°C for 30 min., and then cooled back to -30°C. 4-Benzyloxybenzaldehyde was then introduced via canula 
as a solution in 15 nnL of anhydrous THF. After wanning to room temperature and stirring for 2 hours, the reaction was 
quenched by pouring into HgO (200 mL). The aqueous was extracted with ethyl acetate (3x1 00 mL). The organic was 
dried (Na2S04) and concentrated in vacuo to give an oil. The crude product was chromatographed (Si02, 25% hexane/ 
ethyl acetate) to give 6.1 g (82%) of the a,B-unsaturated phosphonate as a light yellow oil that solidified on standing. 



Calculated for C19H23O4P: 


C, 65.89; 


H, 6.69. 


Found: 


C. 66.15; 


H. 6.59. 



[0135] The phosphonate from the previous reaction (6.1 g, 17.5 mmol) was dissolved in 1 00 mL of absolute ethanol, 
and treated with 1.15 g of 5% Pd/C. The mixture was hydrogenated at 40 psi for 1 hour, and then passed through a 
pad of celite. The filtrate was concentrated in vacuo to yield 4.5 g (100%) of diethyl-(4-hydroxy)-phenethylphosphonate 
as a light yellow oil. 

Preparation 15 

Diethyl-(4-hydroxy)-phenylphosphate. 

[0136] 4-Benzyloxyphenol (15.0 g, 75 mmol) was dissolved in 100 mL of anhydrous THF and cooled to 0°C. NaH 
(3.0 g, 75 mmol, 60% dispersion in mineral oil) was then introduced in small portions. When gas evolution ceased, 
diethylchlorophosphate was introduced dropwise via syringe. After stirring the reaction for 1 hour, the mixture was 
poured into H20/ethyl acetate (150 mL ea ). The layers were separated, and the organic washed with 0.1 N NaOH 
(2x100 mL). The organic was dried (Na2S04) and concentrated in vacuo to a lightyellow liquid. Chromatography (Si02, 
first 20% ethyl acetate/hexanes followed by 40% hexanes/ethyl acetate) provided 23.4 g (93%) of diethyl-(4-benzyloxy)- 
phenyl phosphate as a colorless liquid. 

[0137] Diethyl-(4-benzyloxy)-phenyl phosphate (15.0 g, 44.7 mmol) was dissolved in 150 mL of 30% ethyl acetate 
in ethanol, along with 0.5 mL of concentrated HCI. To this solution was added 3.0 g of 10% Pd/C. The mixture was 
hydrogenated at 1 atm for 18 hours and then passed through a pad of celite to remove the catalyst. The filtrate was 
concentrated in vacuo , and the residue chromatographed (Si02, ethyl acetate) to provide 10.4 g (94%) of diethyl- 
4-hydroxy-phenyl phosphate as an amber liquid. 

Preparation 16 

Diethyl-(4-hydroxy)-benzenephosphonate 

[0138] To a solution of 4-benzyloxybromobenzene (10.0 g, 38 mmol) in 150 mL of anhydrous THF at -78°C under 
N2 was added nBuLI (26.1 mL, 41 .8 mmol, 1 .6 M in hexanes) dropwise over 30 minutes. After stirring for 15 minutes, 
diethylchlorophosphate (6.0 mL, 41 .8 mmol) was added dropwise via syringe. The resulting mixture was allowed to 
gradually warm to room temperature whereupon the reaction was quenched by pouring into HgO/ethyl acetate (200 
mL ea.), The layers were separated, and the aqueous was extracted with ethyl acetate (2x1 00 mL). The organic was 
dried (Na2S04), and concentrated in vacuo to a yellow liquid. Chromatography (Si02, 50-1 00% ethyl acetate/hexanes) 
provided 11 .1 g (91%) of diethyl-(4-benzyloxy)-benzenephosphonate as a colorless liquid. MS. 



23 



EP 0 574 174 B1 



[01 39] Diethyl-(4-benzyloxy)-benzenephosphonate (11 .0 g, 34 mmol) was hydrogenated as described in the previous 
example. Chromatography of the crude reduction product provided 4.3 g (52%) of diethyl-(4-hydroxy)-benzenephos- 
phonate as a light yellow liquid. MS. 

5 Preparation 17 

4-(pyrrolidinosulfonyl)-phenol 

[0140] To a solution of pyrrolidine (1 7 mL, 237 mmol) in 20 mL of H20 at room temperature was added p-flouroben- 
10 zenesuifonyl chloride (15 g, 79 mmol) in portions over a 5 minute period. After 1 hour, the solution was diluted with 
1 00 mL of HgO and extracted with ethyl acetate (3x50 mL). The organic was dried (Na2S04) and concentrated in vacuo 
to give 12.3 g (72%) of 4-(pyrrolidinosulfonyl)-flourobenzene as a colorless oil that soiidified on standing. This material 
was used in the following reaction without further purification. MS. 

[0141] To a solution of benzyl alcohol (6.63 mL, 62.0 mmol) in 200 mL of anhydrous DMF at room temperature was 
15 added NaH (2.40 g, 60.0 mmol, 60% dispersion in mineral oil) in small portions. After stirring for 30 minutes, 4-(pyrro- 
lidinosulfonyl)-flourobenzene (11.0 g, 51 .2 mmol) was added over a 10 minute period. After 30 minutes, a white pre- 
cipitate formed. The reaction was then diluted with 1 00 mL of H2O, and the product isolated by vacuum filtration. The 
solid was dried in vacuo to give 14,85 g (95%) of the 4-(pyrrolidinosulfonyl)-phenylbenzylether as a white solid. MS. 
[0142] A solution of 4-(pyrrolidinosulfonyl)-phenylbenzylether (1 0.0 g, 33.1 mmol) was dissolved in 1 00 mL of abso- 
20 lute ethanol. This solution was treated with 2.5 g of 10% Pd/C. The mixture was hydrogenated at 40 psi for 2 hours. 
The catalyst was then removed by passing the reaction mixture through a pad of celite. The filtrate was concentrated 
in vacuo to provide 6.8 g (90%) of 4-(pyrrolidinosulfonyl)-phenol as a white solid. MS. 
4-(methylaminosulfonyl)-phenol was prepared in a similar manner. 

25 Preparation 18 

N-(4-hydroxybenzamido)-L-proline methyl ester. 

[0143] L-Proline methyl ester hydrochloride (7.2 g, 43.8 mmol) was dissolved in 100 mL of anhydrous DMF at 0°C. 

30 To this solution was added triethylamine (4.2 g, 43.8 mmol). After vigorous stirring for 1 hour, the solid triethylamine 
hydrochloride was removed by filtration. To the filtrate was added 4-benzyloxybenzoic acid (1 0.0 g, 43.8 mmol) followed 
by DCC (9.9 g, 48.2 mmol). The reaction mixture was allowed to stir overnight at room temperature. The solid DCU 
was then removed by filtration, and the filtrate distributed between H20/ethyl acetate (300 mL ea.). The organic was 
washed several times with 200 mL portions of HgO to remove DMF. The organic was dried (Na2S04), and concentrated 

35 in vacuo to a solid residue that was chromatographed (Si02, 15-100% ethyl acetate/hexanes). Isolation provided 5.3 
g (35%) of N-(4-benzyloxybenzamido)-L-proline methyl ester as a white solid. MS. 

[0144] The above amide (10.0 g, 29.4 mmol) dissolved in 75 mL of absolute ethanol. To this solution was added 3 
g of 10% Pd/C. The mixture was hydrogenated at 1 atm for 5 hours The catalyst was then removed by passing the 

reaction through a pad of celite. Concentration of the filtrate provided crude N-(4-hydroxybenzamido)-L-proline methyl 
40 ester that was purified by chromatography (Si02, 30% ethyl acetate/hexanes) to provide 6.3 g (86%) as a white solid. 
MS. 

Example 1 

45 2-[5-(2-Carboxyphenyl)indol-1 -yl]octanoic acid 

[01 45] 5-Bromo-1 -triisopropylsilylindole (25.6 mmoles, 9.0 g) was treated with sec-butyl lithium (37.8 mmoles, 27 ml 
of 1.4 M solution in cyclohexane) and reacted with 4,4-dimethyl-2-(2-methoxy)phenyl-2-oxazoline (30.7 mmoles, 6.3 
g) as in Example 2 to produce 1 .72 g of 5-[2-(4,4-dimethyloxazolin-2-yl)phenyl]-1 -triisopropylsilylindole, (MS) 
50 [0146] 5-[2-(4,4-Dimethyloxazolin-2-yl)phenyl]-1 -triisopropylsilylindole (1 .48 mmoles, 661 mg) in 5 ml THF was treat- 
ed at 0° C with tetrabutylammonium fluoride (2.22 mmoles, 2.22 ml of 1 .0 N solution in THF). The solution was stirred 
for 3 hours, poured into 30 ml water, and extracted with ether. The organic layer was dried and concentrated. The oil 
was triturated with ether/hexane, and the solid was isolated by filtration . The reaction yielded 320 mg of 5-[2-(4,4-dimeth- 
yloxazolin-2-yl)phenyl]indole. (MS) 

55 



Calculated for CigH^gNgO * 1 -5 H2O: 


C, 71 .90; 


H, 6.69; 


N, 8.83. 
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(continued) 



Found: 


C, 71 .65; 


H, 6.72; 


N, 8.80. 



[0147] Sodium hydride (0.54 mmoles, 22 mg of 60% in nnineral oil) was added to 5-[2-(4,4-dimethyloxazolin-2-yl) 
phenyl]indole (0.43 nnnnoles, 125 nng) in 2 nnl THF. After stirring 20 nninutes, the solution was cooled to 0° C. Ethyl 
2-bronnooctanoate (0.54 nnnnoles, 0.135 nng) was added. The solution was stirred for 15 minutes, allowed to warnn to 
room temperature, and stirred for 1 .5 hours. The solution was poured into saturated ammonium chloride and extracted 
with ethyl acetate. The organic phase was dried and concentrated. The oil was chromatographed over silica gel eluted 
with 20 % ether in hexane. The reaction yielded 172 mg of ethyl 2-[5-[2-(4,4-dimethyloxazolin-2-yl)phenyl]indol-1-yl] 
octanoate. (MS) 



20 



Calculated for C29H3g 


N2O3: 


C, 75.62; 


H, 7.88; 


N, 6.08. 


Found: 


C, 75.74; 


H,8.10; 


N, 6.37. 



[0148] Ethyl 2-[5-[2-(4,4-dimethyloxazolin-2-yl)phenyl]indole-1 -yl]octanoate (0.174 mmoles, 80. mg) was dissolved 
in 1 ml THF. Methyl iodide (0.15 ml, 1.1 mmole) was added. After stirring overnight at room temperature, the solution 
was concentrated. The residue was dissolved, in 7 ml of 2:1 MeOH:2N NaOH and heated at 90° C for 24 hours. The 
reaction was cooled to 0° C and washed with ether. The pH was adjusted to 1 .0 using 2N HCL. The product was 
extracted with 20% EtOH in ethyl acetate. The organic layer dried and concentrated to yield 35 mg of 2-[5-(2-Carboxy- 
phenyl)indol-1-yl]octanoic acid that solidified upon standing. (MS) 
M. Pt.: 115-120° C. 



30 



Calculated for C23H25NO4-0.6 H2O: 


C, 70.79; 


H,6.77; 


N, 3.39. 


Found: 


C, 70.70; 


H,6.67; 


N, 3.69. 



35 

Example 2 



2-[5-(2-Carboxy-3-hydroxyphenyl)indol-1 -yljoctanoic acid. 

40 [0149] 5-Bromo-1 -triisopropylsilylindole (0.089 moles, 30 g) was dissolved in THF and cooled to -78° C. Sec-butyl 
lithium (0.128 moles, 91.3 ml of 1 .4 M solution in cyclohexane) was added dropwise over 15 minutes. The reaction 
was stirred for 30 minutes at -60° C. 4,4-Dimethyl-2-(2-6-dimethoxyphenyl)-2-oxazoline (0.1 07 moles, 22 g.) in 100 ml 
THF was added dropwise. The reaction was allowed to warm to room temperature, stirred for 1 hour, cooled and 
quenched with a saturated ammonium chloride solution. The product was extracted into ether, dried over sodium sul- 

45 fate, and concentrated. The residue was purified by HPLC over silica gel eluted with 25% ethyl acetate in hexane. The 
reaction yielded 5.65 g of 4,4-dimethyl-2-[2-(1-triisopropylsilylindol-5-yl)-6-methoxyphenyl]-2-oxazoline. (MS). 
[0150] 4,4-dimethyl-2-[2-(1-triisopropylsilylindol-5-yl)-6-methoxyphenyl]-2-oxazoline (8.5 g, 17.8 mmoles) was dis- 
solved in 300 ml of THF. The solution was cooled to 0° C. Tetrabutylammonium fluoride (17.8 mmoles, 178 ml of 1 M 
in THF) was added dropwise. The reaction was stirred at 0-5° C for 40 minutes, poured into ice water, and extracted 

50 into ether. The organic phase was dried over sodium sulfate, and the solvent was removed. The reaction produced 
5.7 g of 4,4-dimethyl-2-[2-(indol-5-yl)-6-methoxyphenyl]-2-oxazoline. (MS) 

[0151] 4,4-Dimethyl-2-[2'-(1 -Triisopropylsilylindol-5-yl)-6-methoxylphenyl-2-oxazoline (5.7, 17.8 mmoles) was dis- 
solved in 1 00 ml of THF and added dropwise to a suspension of sodium hydride (50 mmoles, 2.0 g of 60% in mineral 
oil) in 1 00 ml THF. The solution was stirred for 20 minutes at 0° C, allowed to warm to room temperature, and cooled 
55 to 0° C. Ethyl 2 -bro mo octanoate (1 9.6 mmoles, 4.92 g) in 50 ml of THF was added dropwise. The reaction was stirred 
at room temperature for 4 hours, poured into ice water, and extracted with ether. The organic phase was dried over 
sodium sulfate, concentrated, and chromatographed over silica gel eluted with diethyl ether. The reaction produced 
4.0 g of ethyl 2-[5-[2-(4,4-dimethyloxazolin-2-yl)-3-methoxyphenyl]indol-1-yl]octanoate. (MS) 
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Calculated for CsoHsg 


N2O4: 


C, 73.37; 


H, 7.70; 


N,5.70. 


Found: 


C, 73.44, 


H,7,81; 


N,5.71. 



[0152] Ethyl 2-[5-[2-(4,4-dlmethyloxazolln-2-yl)-3-iTiethoxyphenylllndol-1-yl]octanoate (4.0 g, 8.2 mmoles) was dis- 
solved in 200 ml acetone. Methyl iodide (25 ml) was added. The solution was refluxed for 18 hours. The solvent was 
removed. The resulting iodide was triturated with ether, filtered, dissolved in 50 ml methanol/50 ml 2N NaOH, and 
refluxed for 24 hours. The methanol was evaporated under vacuum. The residue was poured into water. The pH was 
adjusted to 3.0 with 1N HCI. The solid was filtered, washed with water, and dried. The intermediate was purified by 
HPLC over silica gel eluted with 20% ethanol In ethyl acetate. The reaction yielded 0.3 g of 2-[5-(2-carboxy-3-meth- 
oxyphenyl)indol-1-yl]octanoic acid. (MS) 
M. Pt.: 80-90° C. 



Calculated for C24H27N05- 1 .5 HgO: 


C, 66.04; 


H, 6.92; 


N, 3.20 


Found: 


C, 66.44; 


H, 6.64; 


N, 3.22. 



[0153] 2-[5-(2-Carboxy-3-methoxyphenyl)indol-1-yl]octanoic acid (240 mg, 0.55 mmoles) was dissolved in 20 ml of 
methylene chloride. The solution was cooled to -78° C. BBr^ (3.3 mmoles in 10 ml methylene chloride) was added 
dropwise. The solution was stirred at -78° C for 1 0 minutes, allowed to warm to 0° C, and stirred for 1 hour. Water was 
slowly added. The product was extracted into methylene chloride. The organic phase was dried, concentrated and 
chromatographed over silica gel eluted with ethyl acetate. The reaction yielded 51 mg of 2-[5-(2-carboxy-3-hydroxy- 
phenol)indol-1-yl]octanoic acid. (MS) 
M Pt.: Dec. > 230°. 
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Calculated for C23H25NO5. 1/2 H2O: 


C, 68.30; 


H, 6.48; 


N, 3.46. 


Found: 


C, 68.25; 


H, 6.89; 


N, 3.64. 



Example 3 

40 

2-[5-[2-(2H-Tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl] octanoic acid 

[0154] 2-Bromooctanoic acid (0.076 moles, 16.9 g.) was dissolved in 100 ml of methylene chloride. Oxalyl chloride 
(0.197 moles, 25 g) was added to the solution. The reaction was stirred for 15 minutes. Two drops of DMF were added. 

45 The solution was stirred an additional 1 hour. The solvents were removed under vacuum. The resulting acid chloride 
was added dropwise to a solution of 2-(2-hydroxyethyl)pyridine (0.076 moles, 9.4 g) and triethylamine (0.08 moles, 
11.2 ml) in 200 ml of methylene chloride. The reaction was stirred for 3 hours and concentrated. Ethyl acetate and 
water were added. The ethyl acetate solution was washed with saturated sodium bicarbonate and water, dried over 
sodium sulfate, and concentrated. The resulting oil, 2-bromooctanolc acid 2-pyridylethylester, was purified by HPLC 

50 on silica gel eluted with 25% ethyl acetate in hexane. (MS) 



Calculated for C15H22 


BrN02: 


C, 54.87; 


H, 6.76; 


N, 4.27. 


Found: 


C, 53.47; 


H, 6.83: 


N,3.91. 
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[0155] 5-(2-Cyanophenyl)-1 H-benzimidazole (0.027 moles, 6.0 g) was dissolved in 150 ml of DMF. Sodium hydride 
(0.0375 moles, 1 .5 g of 60% in mineral oil) was added portionwise. The mixture was stirred for 1 hour, 2-Bromooctanoic 
acid 2-pyridylethylester (0.027 moles, 9.0 g) in 20 ml of DMF was added dropwise. After stirring 16 hours at room 
temperature, the solvent was removed under vacuum. Ethyl acetate and water were added. The organic layer was 
5 washed with brine and concentrated. The isomers were separated by HPLC on silica gel eluted with 3% EtOH in 
CH2CI2. (MS) 

[0156] 2-[5-(2-Cyanophenyl)-1 H-benzimidazol-1 -yl]octanoic acid 2-pyridylethylester (0.042 moles, 1 9.6 g) was dis- 
solved in 20 ml of methanol and 8 ml of 1 N NaOH. The solution was stirred at room temperature for 3 hours. The 
reaction was concentrated under vacuum, dissolved in water, and washed with ether. The pH was adjusted to 3.0 with 

10 5N HCI. The intermediate was extracted with ethyl acetate. The organic phase was washed with brine, dried over 
sodium sulfate, and concentrated. The reaction produced 13.0 g of 2-[5-(2-cyanophenyl)-1 H-benzimidazol-1 -yl]octa- 
noic acid. (MS). 



Calculated for C22H24N3O2: 


C. 73.11; 


H, 6.41; 


N, 11.63. 


Found: 


C, 73.40; 


H, 6.53; 


N, 11.64. 



20 

[0157] 2-[5-(2-Cyanophenyl)1 H-benzimidazol-1 -yl)octanoic acid (0.032 moles, 11 .5 g) was dissolved in 30 g of trib- 
utyltinazide. The solution was heated at 90° C for 48 hours. An additional 10 g of tributyltinazide was added. The 
solution was heated for an additional 1 6 hours at 90°C and allowed to cool. After cooling, acetonitrile, water, and acetic 
acid (200 ml of an 8: 1 : 1 mixture) were added. The solution was washed three times with 1 liter of hexane. The acetonitrile 
25 layer was concentrated under vacuum. The residue was dissolved in ethyl acetate, washed with water, and dried. The 
ethyl acetate was evaporated. The residue was triturated with hexane and filtered to produce 9.9 g of 2-[5-[2-(2H- 
tetrazol-5-yl)phenyl]-1H-benzlmidazol-1-yl] octanoic acid. (MS) 
M Pt. 145-150° C. 
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Calculated for C22H25Ne02: 


C, 65.33; 


H, 5.98; 


N, 20.78. 


Found: 


C, 65.52, 


H, 6.14; 


N, 20.50. 



Example 4 

2-[5-[2-(2H-Tetrazol-5-yl)benzamidQ]-1 H-benzimidazol-1 -yl]QctanQic acid 

[0158] 5-Nitrobenzimidazole (0.109 moles, 1 7.8 g.) was reacted with sodium hydride (0.122 moles, 4.9 g of 60% in 
mineral oil) and ethyl 2-bromooctanoate (0.102 moles, 22 ml) as in Example 11 to produce a mixture of the 5 and 6 

isomer. The isomers were separated to yield 7.8 g of ethyl 2-(5-nitro-1 H-benzimidazol-1 -yl)octanoate. 

[0159] Ethyl 2-(5-nitro-1 H-benzimidazol-1 -yl)octanoate (6.00 mmoles) was dissolved in ethanol and hydrogenated 

over 5 % Pd/C and filtered over celite. The resulting amine was reacted with 2-(2H-tetrazol-5-yl)benzoic acid as in 

Example 1 0. The reaction produced 0.62 g of 2-[5-[2-(2H-tetrazol-5-yl)benzamido]-1 H-benzimidazol-1 -yl]octanoic acid. 

(MS) 



Calculated for C23H25N7O3: 


C, 61.73; 


H, 5.63; 


N, 21.91. 


Found: 


C, 61.71; 


H, 5.64; 


N,21.90. 
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Example 5 

2-[5-[2-(2H-TetrazQl-5-yl)phenyl]-2-methyl-1 H-benzimidazol-1 -yl]octanQic acid 

[0160] 4- (2-Cyanophenyl)-2-nitroacetanilide (3.91 mmoles, 1 ,1 g) was dissolved in ethanol and hydrogenated over 
Pd/C (5%, 1 .0 g). The catalyst was removed over a bed of celite. The solvent was removed in vacuo. The resulting 
4-(2-cyanophenyl)-2-aminoacetanilide (3.58 moles, 0.9 g) was suspended in 25 ml glacial acetic acid. The reaction 
was heated to reflux for one hour, quenched with ice water, and layered with ethyl acetate. The pH was adjusted to 
7.5 with 5 N sodium hydroxide. The organic phase was washed with brine, dried over sodium sulfate, and concentrated. 
The reaction yielded 800 mg of 5-(2-cyanophenyl)-2-methyl-1H-benzimidazole. (MS) 
M. Pt.: 205-208° C. 



Calculated for C15H1-1 


N3: 


C, 77.23; 


H, 4.75; 


N, 18.01. 


Found: 


C, 77.50; 


H, 4.87; 


N, 17.75. 



[01 61 ] 5-(2-Cyanophenyl)-2-methylbenzimidazole (3.43 mmoles, 0.8 g) was dissolved in DMF. Sodium hydride (3.75 
mmoles, 0. 1 5 g.) was added. The solution was stirred for 30 minutes. Ethyl 2-bromooctanoate was added. The solution 
was stirred for 1 hour. Water and ethyl acetate were added; and the layers separated. The organic phase was washed 
with brine, dried over sodium sulfate and concentrated. The intermediate was chromatographed on silica gel eluted 
with 50% ethyl acetate in hexane to yield 1 .0 g of 

ethyl 2-[5-[2-cyanophenyl]-2-methyl-1 H-benzimidazol-1 -yl]octanoate. The nitrile was dissolved in 1 0 ml of tributyltina- 
zide and heated at 70° C. for 3 days. The solution was stirred in a mixture of acetonitrile, water, and acetic acid (100 
ml of 8:1 :1) for3 hours, washed with hexane (4 x250 ml), and concentrated. The residue was dissolved in ethyl acetate, 
washed with water, dried over sodium sulfate and concentrated in vacuo. The intermediate was triturated with hexane, 
filtered and chromatographed over silica gel eluted with 1 0% ethanol in ethyl acetate with 1 % acetic acid. The isomers 
were separated by reverse phase HPLC eluted with a gradient of 30-50% acetonitrile in water with 1 % ammonium 
acetate. The intermediate was dissolved in ethanol (20 ml) and 5 N NaOH (5 ml) and heated on a steam bath for 1 
hour. The solution was concentrated to 75 ml. The pH was adjusted to 3.0 using 5 N HCI. The precipitate was collected 
and dried. The reaction yielded 110 mg of 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-2-methyl-1 H-benzimidazol-1 -yljoctanoic 
acid. (MS) 

M. Pt.: Deo 165° C. 



Calculated for C 23H26N( 


502-1.5 H2O: 


C, 62.01; 


H, 6.56; 


N, 18.86. 


Found: 


C, 62.23; 


H, 5.88; 


N. 18.41. 



Example 6 

2-[5-[2-(2H-Tetrazol-5-yl)phenyl]-2-trifluoromethyl-1 H-benzimidazol-1 -yljoctanoic acid 

[0162] 2-(3,4-Diaminophenyl)benzonitrile (0.01 moles, 2.09 g) was dissolved in 1 0 ml trifluoroacetic acid and heated 
at 85° C for 1 6 hours. The solution was poured into water and extracted with ethyl acetate. The pH was adjusted to 
3.0 using 5N NaOH. The ethyl acetatewas washed with brine, dried over sodium sulfate, and concentrated. The residue 
was chromatographed on silica gel eluted with 25 % ethyl acetate in hexane. The reaction yielded 2.05 g of 5-(2-cyan- 

ophenyl)-2-trifluoromethyl-1 H-benzimidazole. (MS) 

[0163] 5-(2-Cyanophenyl)-2-trifluoromethyl-1 H-benzimidazole (7.0 mmoles, 2.0 g) was dissolved in 30 ml DMF. So- 
dium hydride (7.8 mmoles, 0.31 g of 60 % in mineral oil) was added portionwise. The reaction was stirred for 20 minutes. 
Ethyl 2-bromooctanoate (7.4 mmoles, 1 .6 ml) was added. The reaction was stirred for 16 hours at 70° C. Additional 
ethyl 2-bromooctanoate (0.2 ml) was added. The reaction was stirred for 5 hours at 70° C, allowed to cool, poured into 
water, and extracted with ethyl acetate. The ethyl acetate solution was washed with brine; dried over sodium sulfate 
and concentrated. The residue was purified by HPLC over silica gel eluted with a gradient of 0-50% ethyl acetate in 
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hexane. The 5 and 6 isomers were separated by reverse phase chromatography eluted with acetonitrile and water. 
The intermediate was dissolved in 10 ml tributyltinazide and heated at 90° C for 36 hours. The solution was allowed 
to cool. Acetonitrile, water, and acetic acid (50 ml 8:1 :1) were added. The acetonitrile mixture was washed with hexane 
(5 X 1 00 ml) and concentrated. The residue was dissolved in ethyl acetate, washed with brine, dried over sodium sulfate 

5 and concentrated. The material was dissolved in 25 ml ethanol/6 ml5N NaOH and refluxed for 15 minutes. After cooling, 
the solvent was removed under vacuum. The residue was dissolved in water and washed three times with ethyl acetate. 
The pH of the aqueous phase was adjusted to 3.0 using 5 N HCI. The oil was extracted with ethyl acetate. The organic 
layer was washed with brine, dried over sodium sulfate, and concentrated. The solid was triturated with hexane and 
filtered. The reaction produced 0.2 g of 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-2-trifluoromethyl-1H-benzimidazol-1-yl]octa- 

10 noic acid. (MS) 

M. Pt.: 128-130° C. 



15 



Calculated for C23H23F3N6O 


2 • 1/2 H2O: 


C, 57.38; 


H,5.02; 


N. 17.46. 


Found: 


C, 57.10; 


H, 5.00; 


N, 17.06. 



Example 7 

2-[5-[2-(2H-Tetrazol-5-yl)phenvl]-1 H-benzimidazol-1 -yl] heptanoic acid 

[0164] 5-(2-Cyanophenyl)-1 H-benzimidazole (4.56 mmoles, 1 .0 g.) was reacted with sodium hydride (5.47 mmoles, 
0.21 9 g) and ethyl 2-bromoheptanoate ( 6.84 mmoles, 1 .62 g) as in Example 8 to produce 65 mg of 2-[5-[2-(2H-tetrazol- 
5-yl)phenyl]-1 H-benzimidazol-1 -yl]heptanoic acid. (MS). 
M. Pt.: 123-130° C. 
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Calculated for C21H22N6O2 


1/2 H2O; 


C, 63.14; 


H, 5.80; 


N, 21.04. 


Found: 


C, 62.96; 


H, 5.60; 


N, 20.75. 



Example 8 

2-[5-[2-(2H-Tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]hexanoic acid 

[0165] 5-(2-Cyanophenyl)benzimidazole (1.36 mmoles, 299 mg) was dissolved in 1 ml DMF. Sodium hydride (1.63 
mmoles, 0.5 mg) was added. The reaction was stirred at room temperature for 30 minutes. Ethyl 2-bromohexanoate 
(1 .63 mmoles, 450 mg) in 0.5 ml DMF was added. The reaction was stirred for 1 6 hours. Water and ethyl acetate were 
added. The organic phase was washed with water, dried over sodium sulfate and concentrated. The residue was 
purified by chromatography over silica gel eluted with 70% diethyl ether in hexane to yield 380 mg of the intermediate. 
The intermediate was dissolved in tributyltinazide (1 .0 g, 3.0 mmoles) and heated at 85° C for 48 hours. The cooled 
reaction was treated with 2 ml 2N NaOH and washed with ether. The aqueous phase was acidified to pH 4 using 2 N 
HCI. The resulting white precipitate was filtered and dried. The material was purified, and the isomers were separated 
by reverse phase HPLC. The reaction produced 56 mg of 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]hex- 
anoic acid. (MS) 



50 


Calculated for C20H20N6O2 


. 1/4 HOAc: 




C, 62.90; 


H, 5.40; 


N, 21.47. 




Found: 


55 


C, 63.09; 


H, 5.45; 


N, 21.20. 
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Example 9 

1 -[1 -OxQ-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazole-l -yl]Qctyl]-L-proline. 

5 [0166] L-proline benzyl ester hydrochloride (0.745 mmoles, 1 80 mg) and diisopropyiethyl amine (0,745 mmoles, 0.13 
ml) were dissolved in 50 ml DMF. The solution was stirred at room temperature for 20 minutes. 1 -Hydroxybenzotriazole 
(0.745 mmoles, 1 00 mg), 2-[5-[2-(2H-tetrazol-5-yl)phenyl]benzimidazol-1-yl]octanoic acid (0.745 mmoles, 300 mg) and 
dicyclohexylcarbodiimide (0.745 mmoles, 153 mg) were added sequentially. The reaction was stirred at room temper- 
ature for 12 days and poured into water. Ethyl acetate was added, washed with brine, dried over sodium sulfate, 

10 concentrated and purified by chromatography over silica gel eluted with ethyl acetate. The reaction yielded 250 mg of 
benzyl 1-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazole-1-yl]octyl]-L-proline benzyl ester. (MS) 
[0167] Benzyl 1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazole-1 -yl]octyl]-2-pyrrolidinecarboxylate 
(0.388 mmoles, 230 mg) was dissolved in 5.0 ml methanol/3,0 ml 2N NaOH and stirred at room temperature for 16 
hours. The ethanol was removed in vacuo. The aqueous layer washed with ether. The pH was adjusted to 3.5 using 

15 2 N HCI with cooling. The precipitate was filtered and dried to yield 75 mg of 1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]- 
1 H-benzimidazole-1 -yl]octyl]-L-proline. (MS) 
M. Pt.: 145-150° C. 



calculated for C27H31N7O3: 


C, 64.65; 


H, 6.23; 


N, 19.65. 


Found: 


C, 64.41 ; 


H, 6.25; 


N, 19.25. 
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Example 10 



2-[4-[2-(2H-Tetrazol-5-yl)benzamidol-1 H-benzimidazol-1 -yl]octanoic acid 



[01 68] 3-Nitro-1 ,2-phenylenediamine (0.065 moles, 1 0.2 g) was added to 200 ml fonnlc acid and heated to reflux for 
3 hours. The solution was cooled and then concentrated under vacuum. The residue was dissolved in water. The pH 
was adjusted to 8.3 using 5 N sodium hydroxide. The intemnediate was extracted with ethyl acetate. The organic phase 
was washed with brine, dried over sodium sulfate and concentrated to yield 7.0 g of 4-nitrobenzimidazole. (MS) 
M. Pt.: 248-249° C. 



Calculated for C7H5N3O2: 


C, 51.54; 


H, 3.09; 


N, 25.76. 


Found: 


C, 51.60; 


H, 3,17; 


N, 25.57. 



[0169] 4-Nitrobenzimidazole (41 .7 mmoles, 6.8 g) was dissolved in 200 ml DMF. Sodium hydride (47.5 mmoles, 1 .9 
g of 60% in mineral oil) was added portionwise. The reaction was stirred for 30 minutes. Ethyl 2-bromooctanoate was 
added. The reaction stirred at room temperature for 3 hours and concentrated. Ethyl acetate and water were added; 
and the layers separated. The organic layer was washed with brine, dried over sodium sulfate and concentrated. The 
intermediate was purified by HPLC over silica gel eluted with a gradient of 0-50% ethyl acetate in hexane. The reaction 
yielded 10.3 g of ethyl 2-(4-nitro-1 H-benzimidazol-1 -yl)octanoate. (MS) 
M. Pt.: 86-89° C. 



50 


Calculated for C^7H23 


N3O4: 




C, 61.25; 


H, 6.95; 


N, 12.60. 




Found: 


55 


C, 61.52; 


H, 7.06; 


N, 12.21. 



[0170] Methyl 2-cyanobenzoate (0.124 moles, 20.0 g) was dissolved in 55 g tributyltinazide and heated at 85° C. for 
72 hours. The solution was allowed to cool. Methanol (200 ml) and water (50 ml) were added. The solution was stirred 
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for 1 hour. Ethyl acetate and brine were added. The organic layer was dried and evaporated. The residue was triturated 
3 times with large volumes of hexane, dissolved in chlorofornn, and precipitated with hexane. The precipitate was filtered 
to yield 10.0 g of ethyl 2-(2H-tetrazol-5-yl)benzoate. The ester (6.8 nnoles, 1 .4 g) was dissolved in 5 ml ethanol and 10 
ml of 2N NaOH added and heated on a steam bath for 1 hour. The solvent was removed under vacuum. The residue 
5 was dissolved in water. The pH was adjusted to 2.0 using 2 N HCI. The intennediate was extracted with ethyl acetate 
to yield 0.8 g of 2-(2H-tetrazol-5-yl)benzoic acid. 

[0171] Ethyl 2-(4-nitro-1 H-benzimidazol-1 -yl)octanoate (4.44 mmoles, 1 .48 g.) was hydrogenated over 0.6 g of 5% 
Pd/C in 1 00 ml ethanol. The catalyst was filtered over celite. The solution was concentrated. The residue was dissolved 
in 25 ml DMF and added to a stirred mixture of 2-(2H-tetrazol-5-yl)benzoic acid (4.21 mmoles, 0.80 g), dicyclohexyl- 

10 carbodiimide (4.31 mmoles, 0.89 g.), and hydroxybenzotriazole (4.44 mmoles, 0.60 g) in 50 ml DMF. The reaction was 
stirred for 4 hours. The solid was removed by filtration. The reaction was concentrated. The residue was dissolved in 
ethyl acetate, and washed with water. The pH was adjusted to 8.0 using 5 N NaOH. The aqueous layer was acidified 
to pH 2.5 using 2 N HCL, and then extracted with ethyl acetate. The organic phase was separated, washed with water, 
dried and concentrated. The product was purified over silica gel eluted with 2% EtOH in ethyl acetate with 1 % acetic 

15 acid to yield 0.18 g of 2-[4-[2-(2H-tetrazol-5-yl)benzamido]-1 H-benzimidazol-1 -yl]octanoic acid. (MS) 
M. Pt.: 130-134° C. 



Calculated for C23H26N7O3: 


C, 61.73; 


H, 5.63; 


N, 21.91. 


Found: 


C, 61.86; 


H, 5.74; 


N, 22.15. 



Example 13 

1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazole-1 -yl]octyl]-4-hydroxy-L-proline. 



[0172] The N-carbobenzyloxy-4-hydroxy-L-proline lactone (4.04 mmoles, 1 .0 g) was prepared according to the pro- 
cedure in Hete recycles 20: 823 (1983), The lactone was deprotected by dissolving the lactone in 10 ml dioxane and 
passing HBr gas through the solution for 30 minutes. The white precipitate was filtered and dried to yield 153 mg of 
4-hydroxy-L-proline lactone hydrobromide. (MS) 
M. Pt.: 197-200° C. 
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Calculated for CgHgNOgBr: 


C, 30.95; 


H,4.16; 


N, 7.22. 


Found: 


C, 31.75; 


H,4.16; 


N, 6.98. 



[0173] 4-Hydroxy-L-proline lactone hydrobromide (0.74 mmoles, 143 mg) and 2-[5-(2-tetrazol-5-ylphenyl)benzimi- 

dazol-1 -yljoctanoic acid (0.74 mmoles, 300 mg) were dissolved in 30 ml DMF and cooled to 0° C. N,N-Diisopropylethyl- 
amine (0.74 mmoles, 0.15 ml) was added. The solution was stirred for 1 0 minutes. Hydroxybenzotriazole (0.74 mmoles, 
100 mg) and then dicyclohexylcarbodiimide (0.74 mmoles, 153 mg) were added. The solution was stirred at room 
temperature for 3 days. The intermediate was extracted in ethyl acetate. The ethyl acetate solution was washed with 
water, dried over sodium sulfate, concentrated. The residue was chromatographed over silica gel eluted with 10% 
methanol in ethyl acetate. The reaction yielded 200 mg of 1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol- 
1-yl]octyl]-4-hydroxy-L-proline lactone. (MS). The lactone was dissolved in 2.0 ml methanol/2.0 ml 2N NaOH and stirred 
at room temperature for 16 hours The solvent was removed in vacuo. Water was added. The solution was extracted 
with ether. The pH of the aqueous layer was adjusted to 3.2 using 2 N HCI. The precipitate was filtered, washed with 
water, and dried to yield 37 mg. The aqueous phase was extracted with ethyl acetate, dried and concentrated to yield 
an additional 60 mg of 1-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazole-1 -yl]octyl]-4-hydroxy-L-proline. 
(MS) 

M. Pt.: 155-160° C. 
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Calculated for C27H31 


N7O4: 


C, 62.66; 


H, 6.04; 


N, 18.94. 


Found: 


C, 62.91; 


H, 6.16; 


N, 18.67. 



Example 15 

10 

1 -[1 -oxo-2-[5-[2-(2H-tetrazole-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-methoxy-L-proline. 

[01 74] N-Carbobenzyloxy-4-hydroxy-L-proline lactone (1 7.2 nnnnoles, 4.24 g) was dissolved in 5 nnl methanol, cooled 
to 0° C, treated with 1 0 ml of 2N NaOH, and stirred at room temperature for 3 hours. The reaction was acidified to pH 
3.5 using 2 N HCI. The intermediate was extracted with ethyl acetate. The solution was dried over sodium sulfate and 
concentrated. The intermediate acid was dissolved in acetone (26 ml). Silver (I) oxide (48.2 mmoles, 11.34 g) and 
methyl iodide (55.5 mmoles, 12.3 ml) were added. The solution was stirred for 40 hours, filtered, concentrated and 
chromatographed over silica gel eluted with 30% ethyl acetate in hexane to yield 2.87 g of N-carbobenzyloxy-4-cis- 
methoxy L-proline methyl ester. (MS) 

2Q [0175] N-carbobenzyloxy-4-cis-methoxy L-proline methyl ester (5,70 moles, 1 ,68 g) was hydrogenated at 40 psi in 
50 ml ethyl acetate over 0.5 g of 10% Pd/C. The solution was filtered, concentrated to yield 835 mg of 4-cis-methoxy 
L-proline methyl ester. The amine (1 .23 mmoles, 1 96 mg) was dissolved In a solution of 2-[5-[2-(2H-tetrazol-5yl)phenyl]- 
1 H-benzlmldazol-1-yl]octanolc acid (1.23 mmoles, 500 mg) In DMF. 1-Hydroxybenzo-trlazole (170 mg) and dlcy- 
clohexyl-carbodllmlde were added. The solution was stirred for 48 hours at room temperature. The solution was filtered. 

25 The solvent was removed in vacuo. The residue was chromatographed over silica gel eluted with 0-50% ethanol in 
ethyl acetate. The resulting ester was dissolved in 2.0 ml methanol and 3.0 ml 2N HCI and stirred for 3 hours. The 
solvent was removed. The residue was poured Into Ice and extracted Into ethyl acetate. The ethyl acetate solution was 
filtered and concentrated. The reaction yielded 1 70 mg of 1 -[1 -oxo-2-[5-[2-(2H-tetrazole-5-yl)phenyl]-1 H-benzimldazol- 
1 -yl]octyl]-4-cis-methoxy-L-proline. (MS) 



Calculated for C28H33N7O4: 


C, 63.26; 


H, 6.23; 


N, 18.44. 


Found: 


C, 60.13; 


H, 6.71; 


N, 16.20, 



Example 1 7 

1 -[1-Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzlmidazol-1 -yl]octyl]-2-pyrrolidlneacetic acid. 

[0176] N-Carbobenzyloxy-L-prollne (0.048 moles, 12.0 g) was dissolved in 50 ml THF and cooled to 0° C. Borane- 

methyl sulfide complex (0.05 moles, 25 ml of 2M in THF) was added dropwise. The reaction was stirred for 16 hours 
at room temperature and then cooled to 0° C. Water (50 ml) was added dropwise. The solution was filtered. The solid 
was washed with ethyl acetate. The organic solutions were combined, washed with water, dried over sodium sulfate 
and concentrated to yield 10.3 g of N-carbobenzyloxy-2-hydroxymethyl pyrrolidine. N-carbobenzyloxy-2-hydroxyme- 
thyl pyrrolidine (0.038 moles, 9.0 g) and triethylamine (0.076 mole) were dissolved in 150 ml of chloroform. Tosyl 
chloride (0.0475 moles, 9.05 g) was added portionwise followed by dimethylaminopyridine (200 mg). The solution was 
stirred overnight at room temperature. Chloroform was added. The solution was washed with water, dried over sodium 
sulfate, and concentrated. The resulting tosylate (0.0385 moles, 15.0 g) and sodium cyanide (0.048 moles, 2.35 g) 
were dissolved in 150 ml DMSO. The reaction was heated to reflux until completion as measured by thin layer chro- 
matography. The reaction was cooled; water was added. The intermediate was extracted with ethyl acetate and con- 
centrated to yield 9.56 g of 2-pyrrolidineacetonitrile. The nitrile was hydrolyzed by dissolving in 150 ml ethanolic HCI 
and slowing adding water to the solution. The solution was then concentrated in vacuo. Ethyl acetate and sodium 
bicarbonate were added. The ethyl acetate solution was concentrated. The residue dissolved in ethyl acetate, filtered 
and concentrated. The resulting acetate was chromatographed on silica gel eluted with a gradient of 50-1 00% ethyl 
acetate in hexane followed by a gradient of 0-20% ethanol in ethyl acetate to yield 4.35 g of ethyl 2-pyrrolidineacetate. 
(MS) 
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[0177] 2-[5-]2-(2H-Tetrazol-5-yl)phenyl]-1H-benzinnidazol-1-yl]octanoic acid (0,74 mmoles, 300 mg), ethyl 2-pyrroli- 
dineacetate (0.74 mmoles, 116 mg) and hydroxy benzotriazole (0.74 mmoles, 100 mg) were dissolved in 5.0 ml DMF. 
Dicyclohexylcarbodiimide (0.74 mmoles, 1 52 mg) was added. The reaction was purified and hydrolyzed as in Example 
48. The reaction produced 50 mg of 1-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1H-benzimidazol-1-yl]octyl]-2-pyrrolid- 
ineacetic acid. (MS) 

M. Pt.: 122-125°C. 



Calculated for C28H33N7O3: 


C, 65.23; 


H. 6.45; 


N. 19.02. 


Found: 


C, 65.27; 


H, 6.42; 


N, 18.82. 



Example 1 8 

1 -[1 -Oxo-2-[5-r2-(2H-tetrazol-5-vl)phenvl]-1 H-benzimldazol-1 -vnoctvl1-4-trans-hvdroxv-L-proline. 

[0178] Metinyl N-carbobenzyloxy-4-trans-hydroxy-L-prollne ester (0.0286 moles, 8.0 g), trimetliy I acetyl chloride 
(0.0315 moles, 3.87 ml), triethyl amine (0.0315 moles, 4.38 ml) and dimethylaminopyridine (350 mg) were dissolved 
in 100 ml of THF and stirred at room temperature for 16 hours. The pH was adjusted to 2.5 with 0.2 N HCI. The 
intermediate was extracted with ethyl acetate. The organic phase was washed with water, dried over sodium sulfate 
and concentrated. The resulting oil (17 mmoles, 6.3 g) was dissolved in ethyl acetate (75 ml) with p-toluenesulfonic 
acid (17 mmoles, 3.39 g) and hydrogenated at 40 psi over lO.g of 10% Pd/C for 2.25 hours. The mixture was filtered 
and concentrated to a white solid. The solid was triturated with ether and filtered to yield 7.3 g of 4-trans-trimethylac- 
etoxy-L-proline methyl ester tosylate 
M. Pt.: 109-112° C. 



Calculated for C^8H23N07S: 


C, 53.85; 


H, 6.78; 


N, 3.49. 


Found: 


C, 53.63; 


H, 6.67; 


N,3.61. 



[0179] 4-Trans-trimethylacetoxy-L-proline methyl ester tosylate (0.742 mmoles, 330 mg) was dissolved in 50 ml DMF. 
Diisopropylethylamine(0.142 ml), 2-[5-[2-(2H-tetrazol-5-yl]-1H-benzimidazol-1-yl]octanoic acid (300 mg), hydroxyben- 
zotriazole (1 00 mg) and dicyclohexylcarbodiimide (1 53 mg) were added to the solution. The solution was stirred for 48 
hours and filtered. The product was extracted in ethyl acetate, washed with brine, dried over sodium sulfate, and 
concentrated. The reaction yielded 280 mg of methyl 1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl] 
octyl]-4-trans-hydroxy-2-pyrrolidine-carboxylate (MS). The ester was hydrolyzed by adding 20 ml 2N LiOH and 10 ml 
methanol and stirring for 1 6 hours. The acid solution was concentrated. The residue was dissolved in water and washed 
with ether. The pH was adjusted to 3.5 using 2 N HCI. The product was extracted into ethyl acetate, dried over sodium 
sulfate, and concentrated to yield 80 mg of 1-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yljoctyl]- 
4-trans-hydroxy-2-pyrrolindinecarboxylic acid. (MS) 



Calculated for C27H31 


N7O: 


C, 62.66; 


H, 6.04; 


N, 18.94. 


Found: 


C. 62.86; 


H, 6.38; 


N., 17.71, 



Example 1 9 

N-[1 -Qxo-2-[5-[2-(2H-tetrazol-5-yl]ph6nyl]-1 H-benzimidazol-1 -yl]octyl]-lysine 

[0180] N-carbobenzyloxy-L-Lysine methyl ester (1 .0 mmoles, 0.295 g) and2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-ben- 
zimidazol-1 -yljoctanoic acid (1.0 mmoles, 0.405 g) were reacted with 1 .0 mmoles of hydroxybenzotriazole and dicy- 
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clohexylcarbodiimide as in Example 37. The stereoisomers were separated on silica gel eluted with 5% EtOH in chlo- 
roform with 1 % acetic acid. Each was hydrolyzed with sodium hydroxide as in Example 37 and hydrogenated to remove 
the carbobenzyloxy group in ethanol over 5% Pd/C for 4 hours. The catalyst was removed by filtering through celite. 
The solvent was removed in vacuoto yield 74 mg of N-[1 -Oxo-2-[5-[2-(2H-tetrazoi-5-yi]phenyi]-1 H-benzimidazoi-1 -yi] 
5 octyi] -lysine. Isomer A (MS) 



Calculated for C28H36N8O3 • 5H2O: 


C, 54.02; 


H, 7.39: 


N; 18.01. 


Found: 


C, 54.15; 


H, 6.84; 


N, 17.73. 



Example 20 

15 

2-[5-[2-(2H-TetrazQl-5-yl)phenyl]indol-1 -yl]octanoic acid 



[0181] 5-(2-Cyanophenyl)indole (5.04 mmoles, 1 .1 g) in 70 ml THF was treated with sodium hydride (255 mg, 50% 
in mineral oil) and stirred at 0° C for 30 minutes. Ethyl 2-bromooctanoate (5.5 mmoles) In 40 ml THF was added 
dropwise. The reaction was stirred at room temperature for 4 hours, cooled, poured onto ice, extracted with ethyl 
acetate. The organic phase was dried and concentrated. The intermediate was chromatographed over silica gel eluted 
with 20% ether in hexane. The reaction yielded 1.1 g of ethyl 2-[5-(2-cyanophenyl)indol-1 -yl]octanoate. (MS) 
[0182] Ethyl 2-[5-(2-cyanophenyl)indol-1 -yl]octanoate (2.55 mmoles, 990 mg) was dissolved in 2.5 g tributyltinazide 
and heated at 85-95° C for 48 hours. The solution was cooled. Acetonitrile, water, and acetic acid (100 ml of 8:1 :1) 
were added and stirred for 30 minutes. The acetonitrile solution was washed twice with hexane, concentrated, dissolved 
in ethyl acetate, washed, dried over sodium sulfate and concentrated. The resulting ester was chromatographed over 
silica gel eluted with 50% ethyl acetate in hexane. (MS). The ester was hydrolyzed by stirring in 20 ml of methanol and 
40 ml 2N NaOH at room temperature for 2 hours. The reaction mixture was concentrated. Water was added, and the 
pH was adjusted to 2.5 using 2 N HCI. The resulting precipitate was filtered and dried to yield 400 mg of 2-[5-[2-(2H- 
tetrazol-5-yl)phenyl]indol-1-yl]octanoic acid. (MS) 
M. Pt.: 105-115° C. 



Calculated for C23H25N5O2-0.5 H2O: 


C, 66.97; 


H, 6.35; 


N, 16.97. 


Found: 


C, 66.85; 


H, 6.17; 


N, 17.26. 



Example 21 
40 

3-[5-[2-(2H-TetrazQl-5-yl)phenyl]indQl-1 -yl]nonanoic acid 



[0183] Sodium bis(trimethylsilyl)amide (5.6 ml of 1 M solution in THF) in 40 ml THF was added dropwise at 0°C to a 
solution of 5-(2-cyanophenyl)indole (5.04 mmoles, 1,1 g) in 100 ml THF and stirred at 0° C for 30 minutes. Methyl 
3-bromononanoate (5.6 mmoles, 1 .32 g) in 20 ml THF was added dropwise. The reaction was stirred at room temper- 
ature for 12 hours. An additional 5 mmoles of the base and the bromide were added. The reaction was stirred an 
additional 12 hours, added to ice water and extracted into ethyl acetate. The organic phase was dried over sodium 
sulfate and concentrated. The intermediate was chromatographed over silica gel eluted with 50% ether in hexane to 
yield 700 mg of methyl 3-[5- (2-cyanophenyl)indol-1-yl]nonanoate. 

[0184] Methyl 3-[5-[2-cyanophenyl)indol-1 -yl]nonanoate (1 .82 mmoles, 680 mg) was reacted with tributyltinazide (3 
g) and hydrolyzed with sodium hydroxide as in Example 20 to yield 80 mg of 3-[5-[2-(2H-tetrazol-5-yl)phenyl]indol-1 -yl] 
nonanolc acid. (MS) 



Calculated for C24H27N 


5O2; 




C, 69.04; 


H, 6 


.52; 


N, 16.77. 
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(continued) 



Found: 


69.10; 


H, 6.66; 


N, 16.50. 



Example 22 

2-[5-[2-(2H-Tetrazol-5-yl)phenyl]inclol-1 -yl]heptanoic acid 

10 

[0185] 5-(2-cyanophenyl)indole (5.04 mmoles, 1 .1 g) was reacted with sodium hydride (1 .5 mmoles) and ethyl 2-bro- 
moheptanoate (5.6 mmoles, 1.4 g) in DMF. The nitrile was then reacted with tributyltinazide (3.0 g), and the ester 
hydrolyzed as in Example 20 to yield 330 mg of 2-[5-[2-(2H-tetrazol-5-yl)phenyl)indol-1 -yl)heptanoic acid. (MS). 



20 



Calculated for C22H23N 


H2O: 


C, 64.79; 


N,6.13; 


N, 17.17. 


Found: 


C, 64.75; 


H, 6.07; 


N, 17.13. 



Example 23 

2-[3-Ethyl-5-[2-(2H-tetrazol-5-yl)phenyl]indol-1-yl]octanoic acid. 

[0186] 5-(2-cyanophenyl)indole (1 .26 mmoles, 630 mg) was dissolved in THF (20 ml) and treated with ethylmagne- 
sium bromide (1.26 mmoles, 0.630ml) and ethyl iodide (3.45 mmoles, 0.54 g) as in Example 24 to yield 98 mg of 
5-(2-cyanophenyl)-3-ethylindole. (MS) 

[0187] 5-(2-Cyanophenyl)-3-ethylindole (0.36 mmoles, 89 mg) was reacted with sodium hydride(0.40 mmoles) and 

ethyl 2-bromoacetate in DMF as in Example 24. The resulting nitrile ester was reacted with tributyltinazide (0.40 g) 
and hydrolyzed as in Example 20 to yield 134 mg of 2-[3-ethyl-5-[2-(2H-tetrazol-5-yl)phenyl]indol-1 -yl]octanoic acid. 
(MS) 

M. Pt.: 110-113° C. 
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Calculated for C25H29N 


502-H20: 


C, 66.79; 


H, 6.95; 


N, 15.31. 


Found: 


C, 67.11; 


N, 7.03; 


H, 15.31. 



40 

Example 24 

2-[3-benzyl-5-[2-(2H-tetrazol-5-yl)phenyl)indol-1-yl]octanoic acid 

45 [0188] 5-(2-Cyanophenyl)indole (2.3 mmole, 0.50 g) was dissolved in 3 ml THF, cooled to 0° C. Ethyl magnesium 
bromide (2.41 mmoles, 1 .21 ml of 2.0M solution in ether) was added dropwise. Benzyl bromide (94.6 mmole, 0.80 g) 
was added dropwise to the solution. The reaction was refluxed for 24 hours and poured into aqueous ammonium 
chloride and ethyl acetate. The organic phase was washed with water, dried over sodium sulfate, and concentrated. 
The intermediate was chromatographed over silica gel eluted with 10% ethyl acetate in hexane to yield 229 mg of 

50 3-benzyl-5- (2-cyanophenyl)indole. (MS) 

[0189] 3-Benzyl-5-(2-cyanophenyl)indole (0.42 mmoles, 130 mg) was reacted with sodium hydride and ethyl 2-bro- 
mooctanoate. The nitrile ester was reacted with tributyltinazide and hydrolyzed with sodium hydroxide as in Example 
20 to yield 36 mg of 2-[3-benzyl-5-[2-(2H-tetrazol-5-yl)phenyl]indol-1 -yl]octanoic acid. (MS) 
M. Pt.: 108-112°C. 

55 



Calculated for C30H30N5O2: 


C, 73.00; 


H, 6.33; 


N. 14.19. 
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(continued) 



Found: 


72.77; 


H, 6.34; 


N, 14.31. 



Example 25 

2-[5-[2-(2H-Tetrazol-5-yl)phenyl]indol-1 -yl]-3-octenoic acid. 

10 

[01 90] N-Bromosuccinimide (112.5 mmoles, 20.25 g) was suspended in 1 00 ml methylene chloride and cooled to 0° 
C. Dimethylsulfide (135 mmole, 9.2 ml) in 10 ml methylene chloride was added dropwise. The solution was stirred 10 
minutes. 1-Hydroxy-2-trans-hexene (75 mmoles, 7.5 g) in 15 ml methylene chloride was added dropwise. The solution 
was stirred for 30 minutes. Pentane (1 00 ml) was added. The solution was filtered and concentrated to yield 9.81 g of 
y5 1 -bromo-2-trans-hexene. The bromo hexene (30.3 mmoles, 6.4 g) was added to a solution of sodium hydride (57 
mmoles, 2.3 g) and ethyl acetoacetate (65 mmoles, 3.5 g); and then brominated with N-bromosuccinimide (31.7 
mmoles, 5.70 g) as in Example 11 to yield 6.39 g of ethyl 2-bromo-3-trans-octenoate. 

[0191] Ethyl 2-bromo-3-trans-octenoate (2.19 mmole, 0.47 ml) was reacted with 5-(2-cyanopheny I) indole (1 .83 mole, 
0.40 g). The resulting nitrile ester was then reacted with an excess of tributyltinazide, and hydrolyzed with sodium 
20 hydroxide according to Example 1 1 to yield 38 mg of 2-[5-[2-(2H-Tetrazol-5-yl)phenyl]indol-1 -yl]-3-trans-octenoic acid. 
(MS) 

M. Pt.: 101-105° C. 



25 



Calculated for C23H23N 


sOs-HgO: 


C, 65.86; 


H, 6.05; 


N, 16.72. 


Found: 


C, 65.69; 


H, 5.78; 


N, 16.73. 



[0192] 1-hydroxy-2-cis-hexene (75 mmoles, 7.5 g) was converted to ethyl 2-bromo-3-cis-octenoate as above. The 
resulting bromide was reacted with 5-(2-cyanophenyl)indole to yield 28 mg of 2-[5-[2-(2H-tetrazol-5-yl)phenyl]indol- 
1 -yl]-3-cis-octenoic acid. (MS) 
M. Pt. : 95-100° C. 



35 



40 



Calculated for C23H23N5O2-0.4H2O: 


C, 67.51; 


H, 5.88; 


N, 17.11. 


Found: 


C, 67.78; 


H, 5.90; 


N, 16.71. 



Example 26 

2-[3-Bromo-5-[2-[2H-tetrazol-5-yl)phenyl]lndol-1-yl]octanolc acid. 

45 

[0193] 5-(2-Gyanophenyl)indole (1.38 mmoles, 300 mg) was dissolved in DMF (1 ml). A solution of bromine (1.4 
mmoles, 0.074 ml) in 0.5 ml DMF was added. The reaction was poured into ethyl acetate and brine. The organic phase 
was washed with water, dried over sodium sulfate, and concentrated. The intemnediate was chromatographed over 
silica gel eluted with 50 % ether in hexane to yield 380 mg of 3-bromo-5-(2-cyanophenyl)lndole (MS) 

50 



Calculated for C-isHgNaBr: 


C, 60.83; 


H,3.05; 


N, 9.43. 


Found: 


C, 61.16; 


H,3.12; 


N,9.17. 



[0194] 3-Bromo-5-(2-cyanophenyl)indole (1 .21 mmoles, 360 mg) was reacted with sodium hydride (1 .5 mmoles, 60 
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mg) and ethyl 2-bronnooctanoate. The resulting nitrile ester was then reacted with an excess of tributyltinazide, and 
hydrolyzed with sodium hydroxide according to Example 24 to yield 63 mg of 2-[3-bromo-5-[2-[2H-tetrazol-5-yl)phenyl]- 
indol-1-yl]octanoic acid. (MS) 
M. Pt.: 109-115° C. 

5 



Calculated for C23H24N 


502-1.25 H2O: 


C, 54.71; 


H, 5.11; 


N, 13.79. 


Found: 


C, 54.54; 


H, 5.11; 


N, 13.79. 



Example 27 

2-[5-(2-2H-Tetrazol-5-ylphenyl)-indazQl-1 (and 2)-yl]octanoic acid 

[0195] 3-Bromotoluene (17.5mmoles, 3.0 g) was reacted with t-BuLi(19.3 mmoles) and ZnCl2 (19,3 mmoles, 2.62 
g) followed by a Ni(PPh3)4 coupling to 2-bromobenzonitrile (17.5 mmole, 3.2 g) as in Preparation 1 , The intermediate 
was purified by chromatography over silica gel eluted with 20% ether In hexane to yield 1 .58 g of 2-(3-methylphenyl)- 
benzonitrile (MS) 

[0196] 2-(3-Methylphenyl)benzonitrile (18.1 mmoles, 3.5 g) was added slowly at -5° C to a mixture of 10 ml nitric 
acid and 1 0 ml sulfuric acid. After 5 minutes, the reaction was diluted with cold water. The solid was collected, dissolved 
In THF. The solution was dried and concentrated. The solid was recrystallized from ether and hexane to yield 2.45 g 
of 2-(3-methyl-4-nitrophenyl)benzonltrile. (MS) 
M. Pt.: 128-136 ° C. 



Calculated for C14H10N2O2: 


C, 70.38, 


H, 4.23; 


N, 11.76. 


Found: 


C, 70.88; 


H. 4.25; 


N, 11.80. 



[0197] 2-(3-Methyl-4-nitrophenyl)benzonitrile (6.3 mmoles, 1.5 g) was hydrogenated In ethyl acetate (50 ml) over 
5% Pd/C (0.50 g). The catalyst was filtered, and the solution concentrated to an oil. The oil was dissolved In 10 ml of 
methylene chloride and triethylamine (9.4mmoles, 1 .4 ml). Acetic anhydride 

(9.4 mmoles, 0.960 g) and 4-dlmethylamlnopyrldlne (50 mg) were added. The reaction was stirred for 1 hour and 
poured into 20 ml of 5N HCI. The organic phase was washed with saturated sodium bicarbonate solution, dried over 
sodium sulfate, and concentrated. The product was crystallized from ether and hexane to yield 1 .2g of 2-(4-acetamino- 
3-methylphenyl)benzonitrile. (MS) 
M. Pt.: 135-143° C. 



Calculated for C16H14N2O: 


C, 76.77; 


H, 5.64; 


N, 11.19. 


Found: 


C, 77.04; 


H, 5.51; 


N, 10.97. 



[0198] 2-(4-Acetamino-3-methylphenyl)benzonitrile (15.2 mmole, 3.8 g) was dissolved in 50 ml acetic acid andtreat- 
50 ed for 1 hour at room temperature with a stream of gaseous NgOg generated by the addition of nitric acid to sodium 

nitrite. Benzene and brine were added to the reaction. The organic layer was separated, dried and wanned gently on 

a rotorvap (45° C) for 1 hour. The solution was concentrated. Ether and saturated sodium bicarbonate were added. 

The organic phase was dried and concentrated. The residue was chromatographed over silica gel eluted with 50% 

ether in hexane to yield 240 mg of 5-(2-cyanophenyl)indazole. (MS) 
55 M. Pt.: 163-170° C. 
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Calculated for C^4H9N 


3- 


C, 76.72;, 


H,4.14; 


N, 19.17. 


Found: 


C, 76.34; 


H, 4.29; 


N, 18.70. 



[01 99] 5-(2-Cyanophenyl)-1 H-lndazole (1 .0 mmole, 220 mg) was dissolved in DM F and at room temperature. Sodium 
hydride (1.1 mmoies, 44 mg of 60%) was added. 

[0200] The solution was stirred for 30 minutes. Ethyl 2-bromooctanoate (1 .5 mmoies, 384 mg.) was added and stirred 
for 16 hours. Ethyl acetate was added.Thesolution was washed with brine, dried over sodium sulfate and concentrated. 
The 1 - and 2- substituted derivatives of ethyl 2-[5-(2-cyanophenyl)-1 H-indazol-1(and 2)-yl]octanoate were separated 
by column chromatography over silica gel eluted with 15% ether in hexane. 

[0201] Ethyl 2-[5-(2-cyanophenyl)-1 H-indazol-1 -yl]octanoate (0.307 mmole, 120 mg) was dissolved intributyltinazide 
(1 .5 mmoies, 0.5 g) and heated at 85° C for 2 days. A solution of acetonitrile, water, and acetic acid (8:1 :1 ) was added. 
The solution was washed with hexane. The acetonitrile solution was concentrated. The residue was treated with 10 
ml of 1 N NaOH and stirred for 1 hour. 

[0202] Ether was added. The aqueous layer was filtered through a cotton plug and acidified to pH 3.0 using 2 N HCI. 
The intermediate was extracted with 5% ethanol in ethyl acetate, dried over sodium sulfate, and concentrated. The 
residue was triturated with ethyl acetate/hexane to yield 58 mg of 2-[5-(2-(2H-tetrazol-5-yl)phenyl)-2H-indazol-1 -yl] 
octanoic acid. (MS) 

M. Pt.: 105-110° C. 



25 



Calculated for C22H24N5O2: 


C,65.33; 


H, 5.98; 


N, 20.78. 


Found: 


C, 65.38; 


H, 6.20; 


N, 20.28. 



[0203] Ethyl 2-[5-(2-cyanophenyl)indazol-2-yl]octanoate (0.1 67 mmole, 65 mg) was reacted in the same manner as 
the -1-yl isomer to yield 67 mg of 2-[5-(2-2H-tetrazol-5-ylphenyl)-1H-indazol-2-yl]octanoic acid. (MS) 
M. Pt.: 113-120° C. 



35 


Calculated for C22H24 


NsOs: 




C, 65.33; 


H, 5.98; 


N, 20.78. 




Found: 


40 


C, 65.64; 


H, 6.00; 


N, 19.74. 



Example 30 



2-[1 -Hexvl-5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzlmidazol-2-yl]propionic acid. 

45 

[0204] Dicyclohexylcarbodiimide (0.11 moles, 2.26 g), hydroxybenzotriazole (0.011 moles, 1 .48 g) and mono-meth- 
ylsuccinate (0.011 moles, 1 .45 g) were dissolved in 75 ml of DMF. 2-(3,4-Diaminophenyl)benzonitrile (0.01 moles, 2.0 
g) was added. The reaction was stirred at room temperature for 48 hours The solvent was removed in vacuo. The 
residue was dissolved in ethyl acetate and washed thoroughly with brine. The ethyl acetate solution was dried over 
50 sodium sulfate and filtered. The solvent was removed. The residue was purified by HPLC on silica gel eluted with ethyl 
acetate. The material was dissolved in 400 ml toluene with 5 mg of p-toluenesulfonic acid and refluxed for 8 hours. 
The solvent was removed. The residue was purified by HPLC on silica gel eluted with ethyl acetate to yield 2.3 g of 
methyl 3-[5-(2-cyanophenyl)-1 H-benzimidazole-2-yl]propionate. (MS). 



Calculated for C^qHi5N302: 


C, 70.81; 


H, 4.95; 


N, 13.76. 
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(continued) 



Found: 


70.70; 


H, 5.06; 


N, 13.75. 



[0205] Potassium carbonate (7.0 nnmoles, 0.87 g) and 1-bronnohexane (7.0 moles, 1.15 g.) were added to methyl 
3-[5-(2-cyanophenyl)-1 H-benzimidazol-2-yl]propionate (6.3 mmoles, 1 .94 g) in 20 ml DMF. The reaction was stirred at 
room temperature for 48 hours. Ethyl acetate was added and washed thoroughly with water. The organic phase was 
dried over sodium sulfate. The solvents were removed in vacuoXo yield 1 .56 g of methyl 3-[5(and 6)-(2-Cyanophenyl)- 
1 -hexyl-1 H-benzimidazol-2-yl]propionate, (MS) 

[0206] Methyl 3-[5-(2-cyanophenyl)-1-hexyl]-1 H-benzimidazol-2-yl]propionate (4 mmoles, 1 .56 g) was dissolved in 
4 g of tributyltinazide and heated at 90° C for 48 hours. Ethyl acetate was added. The organic layer was washed with 
water, dried over sodium sulfate, filtered and concentrated in vacuo. Methanol (100 ml) and 2N NaOH (75 ml) were 
added to the residue. The solution was stirred for 2 hours. The solvent was removed. The residue was dissolved in 
ether and washed with water. The pH of the water layer was adjusted to 2.0 with 1 N HCI. The solid was filtered and 
dried. The isomers were separated by H PLC using reverse phase chromatography eluted with 28% acetonitrile in water 
with 0.5 % sodium acetate. 2-[1-Hexyl-5-[2-(2H-tetrazol-5-yl)phenyl]benzimidazol-2-yl] propionic acid. (MS) 
M. Ft.: Dec. 130-135°C 



25 



Calculated for C23H26N2O2: 


C, 66.01; 


H, 6.26; 


N, 20.08. 


Found: 


C, 65.72, 


H, 6.41; 


N, 19.88. 



Example 31 

2-[2-Dimethylamino-5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid. 

[0207] 2-(3,4-Diaminophenyl) benzonitrile (1 .25 mmole, 262 mg) and phosgene iminochloride (1 .56 mmoles, 256 
mg) were dissolved in 5 ml chloroform and heated at 50° 0 for 1 hour. The solution was filtered, concentrated and 
chromatographed over silica gel eluted with 30% hexane in ethyl acetate to yield 208 mg of 5-(2-cyanophenyl)-2-dimeth- 
ylamino-IH-benzimidazole (MS) M Ft. 148-155° C. 

[0208] 5-(2-Cyanophenyl)-2-dimethylamino-1H-benzimidazole (5.1 mmoles, 1.33 g) in 10 ml DMF was treated with 
sodium hydride (6.6 mmoles, 0.26 g of 60% in mineral oil) and stirred for 15 minutes. Ethyl 2-bromooctanoate (6.6 
mmoles, 1 .66 g) was added. After stirring for 2 hours at room temperature, ethyl acetate was added, The ethyl acetate 
solution was washed with water, dried, concentrated. The residue was chromatographed over silica gel eluted with 
50% ether in hexane. The resulting nitrile (2.5 mmoles, 0.90 g) and tributyltinazide (5.0 mole, 1 .6 g) were heated at 
85° C for 32 hours, chromatographed over silica gel eluted with 5% ethanol in ethyl acetate to yield 500 mg of a mixture 
of regioisomers. The regioisomers were separated and purified by reverse phase chromatography eluted with ace- 
tonitrile with 1% ammonium acetate to yield 139 mg of the 5-regioisomer, 2-[2-Dimethylamino-5-[2-(2H-tetrazol-5-yl) 
phenyl]-1 H-benzimidazol-1 -yl]octanoic acid. (MS) 
M. Ft.: Dec. >155° C. 

45 



Calculated fo 


rC24H29N70 


2' 


0.3 H2O: 


C, 63.64; 


H, 6.59; 


N, 21.65. 


Found: 


0, 63.69; 


H,6.63; 


N,21.41. 



Example 32 

55 2-[5-[2-(2H-Tetrazol-5-yl)phenyl-2-diethylamino-1 H-benzimidazol-1 -yljoctanoic acid. 



[0209] 2-(3,4-Diaminophenyl)benzonitrile (4.78 mmoles, 1 .0 g) was reacted as described in Example 31 with (dichlo- 
romethylene) diethylammonium chloride (1 .435 mmoles, 2.73 g prepared following the procedure described in Angew. 
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Chem. Int. Ed . ^2.■. 806 (1 973)) to yield 0.91 g of 5-(2-cyanophenyl)-2-diethylannino-1 H-benzimidazole. 
M. Pt.: 138-142° C 

[0210] 5-(2-Cyanophenyl)-2-diethylamino-1 H-benzimidazole (4.8 mnnoles, 0.91 g) was reacted with sodium hydride 
(6.3 mmoles, 0.252 g), ethyl 2-bromooctanoate (6.3 mmoles, 1 .58 g) and then tributyltinazide according to the proce- 
5 dure in Example 31 to yield 50 mg of 2-[5-[2-(2H-tetrazol-5-yl)phenyl-2-diethylamino-1 H-benzimidazol-1-yl]octanoic 
acid. (MS) 

M. Pt.: 150-155° C. 



Calculated for C26H33N7O2: 


C, 65.66; 


H, 6.99; 


N, 20.61. 


Found: 


C, 65.90; 


H, 7.13; 


N, 20.40. 



15 

Example 33 

2-[2-PentafluQroethyl-5-[2-(2IH-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid. 



[0211] 2-(3,4-Diaminophenyl)benzonitrile (9.6 mmoles, 2.0 g) was dissolved in 40 ml of pentafluoropropionic acid 
and heated at 115° C for 20 hours. After cooling, the solvent was removed in vacuo. The residue was dissolved in ethyl 
acetate. The ethyl acetate solution was added slowly to saturated sodium bicarbonate. The intermediate was extracted 
with ethyl acetate, washed with brine, dried over sodium sulfate and concentrated. The residue was chromatographed 
over silica gel eluted with 25% ethyl acetate in hexane to yield 1.1 g of 5-(2-cyanophenyl)-2-pentafluoroethyl-1 H-ben- 
zimidazole. (MS). 



30 



Calculated for C16H8F5N3: 


C, 56.98; 


H, 2.39; 


N, 12.46. 


Found: 


C, 57.17; 


H. 2.49; 


N, 12.38. 



[0212] 5-(2-Cyanophenyl)-2-pentafluoroethyl-1 H-benzimidazole (3.3 mmoles, 1.1 g) was dissolved in 25 ml DMF. 
Sodium hydride (3.75 mmoles, 0.15 g of 60 % in mineral oil) was added. The solution was stirred for 20 minutes. Ethyl 
2-bromooctanoate (4.66 mmoles, 1.0 ml) was added. The reaction was heated at 65° C for 16 hours, cooled and 
concentrated in vacuo. Ethyl acetate was added. The solution was washed with dilute sodium bicarbonate, water and 
brine. The organic layer was dried over sodium sulfate, concentrated and purified by chromatography over silica gel 
eluted with 10% ethyl acetate in hexane to yield 1 .0 g of ethyl 2-[5(and 6)-(2-cyanophenyl)-2-pentafluoroethyl-1 H- 
benzimidazol-1 -yl]octanoate. (MS) 

[0213] Ethyl 2-[5(and 6)-(2-cyanophenyl)-2-pentafluoroethyl-1 H-benzimidazol-1-yl]octanoate (1.9 mmoles, 1.0 g) 
was dissolved in 10 ml tributyltinazide and heated at 95° C. overnight. The reaction mixture was cooled. Acetonitrile, 

water, and acetic acid (1 00 ml of 8:1 :1 ) were added and washed three times with 250 ml hexane. The acetonitrile was 
removed in vacuo. Ethyl acetate was added. The ethyl acetate solution was washed with water and brine, dried over 
sodium sulfate, and concentrated. The regioisomers were purified over a silica gel column eluted with 50 % ethyl 
acetate in hexane with 1 % acetic acid and separated by reverse phase HPLC eluted with aceto nit rile/water. The 
reaction yielded 0.14 g of ethyl 2-[5-[2-(2H-tetrazol-5-yl) phenyl]-2-pentafluoroethyl-1 H-benzimidazol-1 -yl]octanoate. 
(MS). 

M. Pt.: 70-72° C. 



50 


Calculated for C26H27 


F5N6O2: 




C, 56.72; 


H, 4.93; 


N, 15.26. 




Found: 


55 


C, 56.46; 


H, 5.07; 


N. 15.34. 



[0214] Ethyl 2-[5-[2-(2H-tetrazol-5-yl) phenyl]-2-pentafluoroethyl-1 H-benzimidazol-1 -yl]octanoate (0.25 moles, 0.14 
g) was dissolved in 25 ml ethanol and 1 ml 5N NaOH. The solution heated on a steam bath for 1 hour. The solvent 
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was removed in vacuo. The residue was dissolved in water. The pH was adjusted to 3.0 using 5 N HCI. The precipitate 
was collected and dried to yield 0.12 g of 2-[2-pentafluoroethyl-5-[2-(2H-tetrazol-5-yl)phenyl]-1H-benzimidazol-1-yl] 
octanolc acid. (MS) 

M. Pt.: Dec. 130-135° C. 

5 



10 



Calculated for C24H23F5NeO 


2 


1.5 HgO: 


C, 52.46; 


H, 4.77; 


N, 15.29. 


Found: 


C, 52.27; 


H, 4.40; 


N, 15.20. 



Exannple 35 

2-[2-Dimethylaminomethvl-5-[2-(2H-tetrazol-5-vl)phenvl]-1 H-benzlmidazol-1 -vlloctanoic acid 

[0215] 2-(3,4-Diaminophenyl)benzonitrile (4.8 nnnnoles, 1.0 g) was reacted with ethyl chloroacetamidate (5.0 
mnnoles, 0.78 g) as in Exannple 45 to yield 820 nng of 2-chloronnethyl-5-(2-cyanophenyl)-1 H-benzimidazole. (MS). 
M. Pt.: 150-158 ° C. 

[0216] 2-Chloromethyl-5-(2-cyanophenyl)-1H-benzimidazoIe (1 .31 mnnole, 0.350 g) was dissolved in 2 ml THF and 
cooled to 0° C. Dimethylamine (1 ml) was added. The solution was stirred at room temperature for 20 minutes. Ethyl 
acetate was added. The organic phase was washed with water, dried over sodium sulfate, and concentrated to yield 
270 mg of 5-(2-cyanophenyl)-2-dimethylaminomethyl-1 H-benzimidazole. 
(MS) 



Calculated for C^^H^g 


N4: 


C, 73.89; 


H, 5.84; 


N, 20.27. 


Found: 


C, 74.24; 


H, 5.88; 


N, 19.54. 



[0217] 5-(2-Cyanophenyl)-2-dimethylaminomethyl-benzimidazole (2.5 mmoles, 0.693 g) in DMF was treated with 
sodium hydride (3.8 mmoles, 0.152 g) and ethyl 2-bromooctanoate (3.8 mmoles, 0.954 g) as in Example 45 to yield 
720 mg of the nitrile ester. The nitrile ester was dissolved in 2.5 g of tributyltinazide and heated at 85° C for 48 hours. 
The mixture was chromatographed over silica gel eluted with ether then 20% ethanol in ethyl acetate to yield 720 mg 
of a mixture of the regioisomers, 2-[2-dimethylaminomethyl-5(and 6)-[2-(2H-tetrazol-5-ylphenyl]-1 H-benzimidazol-1 -yl] 
octanolc acid. The regioisomers were separated and purified by reverse phase HPLC. The 5-substitution was hydro- 
lyzed with sodium hydroxide as in Example 45 to yield 60 mg of 2-[2-dimethyl-aminomethyl-5-[2-(2H-tetrazol-5-ylphe- 
nyl]-1 H-benzimidazol-1 -yl]octanoic acid. (MS) M. Pt. 155° C. 

40 



Calculated for C25H31N7O2 


0.6 H2O: 


C, 63.57; 


H, 6.87; 


N, 20.76. 


Found: 


C, 63.71; 


H, 6.81; 


N, 20.43. 



Example 36 

50 2-[2-(1 -Pyrrolidinomethyl)-5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid 

[021 8] 2-Chloromethyl-5-(2-cyanophenyl)-1 H-benzimidazole (2.28 mmoles, 0.54 g - see Example 35) and pyrrolidine 
(5.26 mmole, 0.375 g.) were dissolved in THF and stirred at room temperature. The solvents were removed in vacuo. 
The residue was dissolved in ethyl acetate, washed with water, and concentrated to yield 0.583 g of 5-(2-Cyanophenyl)- 
55 2-(1 -pyrrolidinomethyl)-1 H-benzimidazole. 

[0219] 5-(2-Cyanophenyl)-2-(1-pyrrolidinomethyl)-1 H-benzimidazole (1 .93 mmoles, 0.583 g) was treated with sodi- 
um hydride and ethyl 2-bromooctanoate (2.26 mmoles, 0.66 g) as in Example 45 to yield 0.750 g of the nitrile ester. 
The nitrile ester was converted to the tetrazole and hydrolyzed as in Example 45 to yield 100 mg of 2-[2-(1-pyrrolidi- 
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nomethyl)-5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzinnidazol-1-yl]octanoic acid. (MS). 
M. Pt.: Dec. 190° C. 



Calculated for C27H32N 


7C 


)2-1.5 H2O: 


C, 63.16; 


H, 6.36; 


N, 19.10. 


Found: 


C, 62.80; 


H, 6.64; 


N, 19.32. 



10 

Example 37 

1 -[1 -Qxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-N-methylglycine 

[0220] Sarcosine hydrochloride (1 .23 mmoles, 1 90 mg) was dissolved in DMF. Diisopropylethylamine (1 .23 mmoles, 
0.21 5 ml) was added. The solution was treated with 1 .23 mmoles of 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol- 
1-yl]octanoic acid, hydroxybenzotriazole and dicyclohexylcarbodiimide as in Example 13. The resulting ester was hy- 
drolyzed with 5.0 ml methanol and 5.0 ml IN NaOH for 2 hours. The solvents were removed. Water was added. The 
solution was washed with ether. The pH was adjusted to 4.0 using 2 N HCI. The precipitate was filtered and dried to 
yield 1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzlmldazol-1 -yl]octyl]-N-methylglyclne. 
(MS) 



Calculated for C24H30N7O3: 


C, 61.91; 


H, 6.19; 


N, 20,22. 


Found: 


C, 61.98; 


H, 6.05, 


N, 19.72. 



Example 39 
30 

1 -[1-Oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzlmldazol-1 -yl]methyl-5-hexyl-L-prollne 

[0221] N-Benzyl-glutamic acid (35 g) was dissolved in 300 ml of water and refluxed for 15 hours. The solution was 
extracted with methylene chloride, washed with brine, dried over sodium sulfate and concentrated to yield 32 g of N- 
benzyl-5-oxo-proline. The acid (55.25 mmoles, 12.1 g) was dissolved in 15 ml of DMF and 30 ml acetonitrile. The 
solution was cooled to -25'' C. Oxalyl chloride (5.0 ml) in 10 ml acetonitrile was added. The solution was stirred vigor- 
ously for 30 minutes. A solution of t-butanol (1 35 mmoles, 1 0.Og) and pyridine (1 3.2g) in 1 0 ml acetonitrile was added 
over 30 minutes and then warmed to 0° C. Brine and ethyl acetate were added. The organic phase was diluted and 
washed with water, dried and concentrated to yield 10.7 g of N-benzyl-5-oxo-L-proline t-butyl ester. 
(MS) 

M. Pt.: 59-63° C. 



Calculated for C-|gH2-| 


NO3: 


C, 69.79; 


H, 7.69; 


N, 5.09. 


Found: 


C, 69.59; 


H, 7,85; 


N,5.11. 



50 [0222] Triflic anhydride (71 mmoles, 20 g) was added at -27° C to a solution of pyridine (74 mmoles, 5.9 g) in 150 
ml methylene chloride with vigorous stirring. The solution was warmed to room temperature. Benzyl 2-hydroxyhexanolc 
acid (57 mmoles, 1 2.65 g) in 1 5 ml methylene chloride was added over 2 minutes. The solution was stirred for 1 hour 
and filtered. The filtrate was concentrated, filtered through silica gel eluted with hexane, and evaporated to yield 17.0 
g of benzyl 2-(trlfluoromethanesulfonylhydroxy)-hexanolc acid. (MS) 

55 



Calculated for C13H17F3O5S: 


C, 47.45; 


H, 4.84. 
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(continued) 



Found: 


C, 47.75; 


H, 5.01. 



[0223] N-Benzyl-5-oxo-L-proline t-butyl ester (37 mmole, 1 0.2 g) was dissolved in 300 ml THF. P4O10 (1 1 -3 mmoles, 
5.04 g) was added portionwise at 1 hour intervals. The solution was filtered, concentrated, dissolved in ether, washed 
with 1 0% sodium bicarbonate, dried over sodium sulfate and concentrated to yield 7.3 g of N-Benzyl-5-thioxo-L-proline 
t-butyl ester. (MS). 

M. Pt.: 72-78° C. 



Calculated for CieH2i 


NO2S: 


C, 65.95; 


H, 7.26; 


N,4.81. 


Found: 


C, 66.23; 


H, 7.49; 


N, 4.81. 



[0224] The thiolactam (23.7 mmole, 6.9 g) was dissolved in 8 ml acetonitile and cooled to 0° C. A solution of benzyl 
2-(trifluoromethanesu Ifony I hydroxy) hexanoic acid (24.9 moles, 8.8 g) in 4 ml acetonitrile was added. The reaction was 
stirred at room temperature for 4 hours. The reaction was cooled to 0° C. Triphenylphosphine ( 2.84 mmoles, 7.45 g) 
and 1 00 ml of methylene chloride were added. A solution of N-methyl-piperidine (42.7 mmoles, 4.2 g) in 1 5 ml methylene 
chloride was added dropwise over 30 minutes. The reaction was stirred at 0° for 4.5 hours. The reaction was poured 
into cold phosphoric acid. Saturated sodium bicarbonate was added. The organic phase was dried over sodium bicar- 
bonate and concentrated. The residue was chromatographed over silica gel eluted with 20% ether in hexane to yield 
9.55 g of the carbamate. (MS) The carbamate (3.02 mmoles, 1 .40 g.) and ammonium formate (27.5 mmole, 1 .75 g) 
in 10 ml methanol and 10 ml acetic acid was added to 10% Pd/C. The reaction was sonicated for 1 .5 hours at room 
temperature, filtered through celite, and concentrated. The residue was diluted with water. Solid NaHCOg was added. 
The intermediate was extracted with chloroform, dried over sodium sulfate, and concentrated to yield 0.584 g of 5-cis- 
hexyl-L-proline t-butyl ester. (MS) 



35 



Calculated for C-,4H26N02: 


C, 69.66; 


H, 11.27; 


N, 5.80. 


Found: 


C, 69.62; 


H, 11.16; 


N, 5.51. 



[0225] 1 -[5-(2-Cyanophenyl)-1 H-benzimidazol-1 -yl]acetic acid (1 .8 mmoles, 0.50 g, prepared by reacting 5-(2-Cyan- 
40 ophenyl)benzimidazole with sodium hydride and ethyl bromoacetate in DMF as in Example 3) was dissolved in 2 ml 
DMF and reacted with 5-cis-hexyl-L-proline t-butyl ester (1 .8 mmole, 0.431 g), hydroxybenzotriazole and dicyclohex- 
ylcarbodiimide as in Example 48. The nitrile ester was chromatographed over silica gel eluted with ethyl acetate to 
yield 583 mg of t-butyl 1 -[1-oxo-2-[5-(2-cyanophenyl)-1 H-benzimidazol-1 -yl]methyl-5-butyl-2-pyrrolidinecarboxylate. 
[0226] t-Butyl 1 -[1 -oxo-2-[5-(2-cyanophenyl)-1 H-benzimidazol-1 -yl]methyl-5-butyl-2-pyrrolidinecarboxylate (1 .06 
45 mmoles, 530 mg) was reacted with tributyltinazide (3.1 8mmole, 1 .05 g) and hydrolyzed as in Example 33. The tetrazole 
was cooled to 0°C. Trifluoroacetic acid (1 .0 ml in 0.2 ml anisole) was added. The solution was allowed to warm to room 
temperature for 30 minutes. The solvent was removed. The residue was dissolved in 1 N NaOH and acidified to pH 3.5 
using 2 N HOI. The precipitate was filtered to yield 177 mg of 1 -[1 -Oxo-2-[5(and 6)-[2-(2H-tetrazol-5-yl]phenyl]-1 H- 
benzimidazol-1 -yl]methyl-5-hexyl-L-proline, The regioisomers were separated, and the 5-isomer purified by reverse 
50 phase HPLC eluted with acetonitrile with 1 % ammonium acetate. 1 -[1 -Oxo-2-(5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benz- 
imidazol-1 -yl]methyl-5-hexyl-L-proline. (MS) 
M. Pt.: 160-165° C. 



Calculated for CaeHggNyOa-HgO: 


C, 61 .77; 


H, 6.18; 


N, 19.39. 
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(continued) 



Found: 


61.43; 


H, 6.60; 


N, 19.47. 



Example 40 

1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl-4,4-ethylenedioxy-L-proline. 

10 

[0227] A chromic acid solution (10.66 ml of concentrated H2SO4 and 13.4 g CrOg diluted to 55 ml) was added drop- 
wise at 0° C to N-carbobenzyloxy-4-trans-hydroxy-L-proline methyl ester (0.054 moles, 15.0 g) in 400 ml acetone and 
stirred for 1 hour. Methanol (40 ml) was added. The solution was stirred with celite, filtered, concentrated and chroma- 
tographed over silica gel eluted with ethyl acetate in hexane. The resulting ketone (9.0 mmole, 2.5 g), ethylene glycol 
y5 (10 ml) and p-toluenesulfonic acid (0.5 g) were refluxed in 1 00 ml toluene for 1 6 hours. A Dean-Stark trap was added, 
and the water was removed. The mixture was poured into ice water, concentrated and chromatographed over silica 
gel. The protecting group was removed by hydrogenation in 50 ml ethanol over 0.3 g of 1 0% Pd/C to yield 421 mg of 
methyl 4,4-ethylenedioxy-L-proline. (MS) 

[0228] 4,4-Ethylenedloxy-L-proline methyl ester (1 .23 mmoles, 254 mg), 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benz- 
20 imidazol-1 -yl]octanoic acid (1 .23 mmoles, 500 mg), and hydroxybenzotriazole (1 .23 mmoles, 1 83.5 mg) were dissolved 
in 5.0 ml DMF. Dicyclohexylcarbodiimide (1 .23 mmoles, 280 mg.) was added. The product was hydrolyzed and purified 
as in Example 15 to yield 190 mg. (MS) 
M. Pt.: 150-155°C. 



Calculated for C29H33N705-2H20: 


C, 58.48; 


H, 6.26; 


N, 16.46. 


Found: 


C, 58.42; 


H, 6.04; 


N, 16.40. 



Example 41 

N-[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-L-aspartic acid 

[0229] L-Dimethyl aspartate (1 .0 mole, 0.1 61 g), 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic ac- 
id (1.0 mmoles, 0.405 g), hydroxybenzotriazole (1.00 mmoles, 0.135 g) and dicyclohexylcarbodiimide (1.0 mmoles, 

0.206 g) were reacted and purified as in Example 19. The resulting ester was hydrolyzed as In Example 37 to yield 
0.12 g of N-[1-Oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-L-aspartic acid (MS). 
M. Pt.: 190-195° C. 

40 



Calculated for C2SH29N7O5: 


C, 60.11; 


H, 5.63; 


N, 18.87. 


Found: 


C, 60.92; 


H, 5.84; 


N, 17.51. 



Example 42 

50 N-[1 -Qxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-L-serine 

[0230] Serine methyl ester (1 .0 mmoles, 0.119 g), diisopropylethylamine (1 .0 mmoles, 0.206 g), 2-[5-[2-(2H-tetrazol- 
5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid (1.0 mmoles, 0.405 g), hydroxybenzotriazole (1.0 mmole, 0.135 g), 
and dicyclohexylcarbodiimide (1 .0 mmoles, 0.206 g) were reacted as in Example 37. The resulting ester (0.19 moles, 
55 0.097 g) was hydrolyzed as in Example 37 to yield 0.052 g of N-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimi- 
dazol-1 -yl]octyl]-L-serine (MS). 
M. Pt.: 170-180 ° C. 
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Example 43 

1 -[1 -OxQ-2-[5-[2-(2H-tetrazQl-5-yl]phenyl]-1 H-benzimidazQl-1 -yl]Qctyl-2-azetidinecarbQxylic acid 

5 [0231] 2-Azetidinecarboxylicacid (39.6 mmoles, 4.0 g) was dissolved in sodium hydroxide44 ml, 1 N and 30t-butanol. 
Di-t-butyldicarbonate (39.6 mmoles, 8.83 g) was added over 1 hour. The reaction was stirred at room temperature 
overnight, washed with 50 ml hexane, and acidified to pH 1 .5 using 2N HCI. The product was extracted with ether. The 
ether solution was dried and concentrated to yield 6.15 g of N-t-Boc-azetidine-carboxylic acid. The acid (24.9 mmoles, 
5.0 g) was dissolved in DMF and cooled to 0°. Potassium carbonate (50 mmoles, 7.0 g) was added. The solution was 

10 stirred for 30 minutes. Methyl iodide (50 mmoles, 7.1 g) was added. The reaction was stirred for 5 hours and poured 
into ethyl acetate and brine. The organic phase was washed with water, dried over sodium sulfate and concentrated. 
The residue was chromatographed over silica gel eluted with 50% ethyl acetate in hexane. The oil was cooled to 0°C. 
Trifuoroacetic acid (7 ml) was added. The solution was warmed to room temperature, and azeotroped with xylene to 
yield 1 .49 g of methyl 2-azetidinecarboxylate trifluoroacetic acid salt. 

15 [0232] The free amine of methyl 2-azetidinecarboxylate trifluoroacetic acid salt was formed by dissolving the salt in 
3 ml DMF and adding diisopropylethylamine(1 .24 mmoles, 0.2 15 ml). The free amine was then reacted with 2-[5-[2-(2H- 
tetrazol-5-yl)phenyl]]-1 H-benzimidazol-1 -yl]octanoic acid (1 .24 mmoles, 0.50 g), purified and hydrolyzed as in Example 
48 to yield 119 mg, of 1-[1-oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl-2-azetidinecarboxylic acid 
(MS). 

20 M. Pt.: 115-119 °C. 



Calculated for CgeHggNyOg-l .7 HCI: 


C, 56.82; 


H, 5.63; 


N, 17.84. 


Found: 


C, 56.70; 


H, 5.47; 


N, 17.53. 



Example 44 

30 

1 -[1-Oxo-2-[5-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-3-pyrrolidincarboxylic acid 

[0233] A suspension of lithium aluminum hydride (7.50 g) in 150 ml THF was cooled to -5°C. A solution of methyl 
1-benzyl-5-oxo-3-pyrrolidine carboxylate (0.064 moles, 15.0 g) in THF was added dropwise. The mixture was heated 

35 to 40° C for 1 6 hours. Water (25 ml) was added. The mixture was filtered and extracted with ether. The organic phase 
was washed with water, dried over sodium sulfate and concentrated to yield 11 .65 g of N-benzyl-3-hydroxymethylpyr- 
rolidine. (MS) The alcohol (0.06 moles, 11 .5 g) in 75 ml 2N sulfuric acid was added dropwise to a stirred solution of 
chromium dioxide (0.15 moles, 15.0 g) in 100 ml 2N sulfuric acid. The solution was stirred at room temperature for 16 
hours. The solution was treated with barium hydroxide hydrate (0.317 mmoles, 100 g) in 250 ml hot water. The solid 
was filtered and washed with water. The aqueous solution was extracted with ether. Carbon dioxide was bubbled 
through the solution until the pH was 7.0. The solution was filtered and concentrated to yield 4.5 g of N-benzyl-3-pyr- 
rolidinecarboxylic acid. (MS) The oil was dissolved in 50 ml methanol. Dry HCI gas was bubbled through the solution. 
The solution was heated to near reflux for 4 hours and concentrated. The residue was neutralized with aqueous sodium 
bicarbonate. The product was extracted with ether, dried and concentrated to yield 3.0 g of methyl N-benzyl-3-pyrro- 

45 lidinecarboxylate. 

[0234] Methyl N-benzyl-3-pyrrolindinecarboxylate (0.01 33 moles, 3.0 g) was debenzylated in 1 5 ml ethanol over 0.6 
g of 1 0% Pd/C, filtered and concentrated. (MS) The amine (1 .24 mmoles, 0.5 g), 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H- 
benzimidazol-1 -yljoctanoic acid (1.24 mmoles, 0.16 g) and 1-hydroxybenzotriazole hydrate (1.24 mmoles, 184 mg) 
were dissolved in 3 ml DMF and cooled to 0° C, Dicyclohexylcarbodiimide(1 .24 mmoles, 200 mg) was added. The 
5Q reaction was stirred for 48 hours and treated as in Example 48 to yield 205 mg, of 1-[1-Oxo-2-[5-(2H-tetrazol-5-yl) 
phenyl]-1 H-benzimidazol-1 -yl]octyl]-3-pyrrolidinecarboxylic acid. (MS) 
M. Pt.: 121-127° C. 



Calculated for C27H3^N7O3-0.75 HCI: 


C, 61.31; 


H, 6.05; 


N, 18.54. 
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(continued) 



Found: 


C, 61.42; 


H, 5.90; 


N, 18.45. 



Example 45 

2-[2-Benzyl-5(and 6)-[2-(2H-tetrazol-5-yl)phenyl-1 H-benzimidazol-1-yl]octanoic acid 

10 

[0235] 2-(3,4-Diaminophenyl)benzonitrile (2.4 mmoles, 0.50 g) was dissolved in 3 nnl ethanol. Ethyl phenylacetann- 
idate hydrochloride (2.88 mmoles, 0.573 g) (prepared from HCI gas bubbled through benzyl cyanide and ethanol) was 
added. The reaction was warmed on a steam bath for 10 minutes. Ethyl acetate and brine were added. The organic 
phase was separated, dried and concentrated. The product was precipitated from ethyl acetate and hexane and filtered 
y5 to yield 290 mg of 2-benzyl-5-(2-cyanophenyl)-1 H-benzimidazole. (MS) 
M. Pt.: 133-140° C. 



Calculated for C21H15N3: 


C, 81.53; 


H, 4.89; 


N, 13.58. 


Found: 


C, 81.33; 


H, 5.12; 


N, 13.40. 



[0236] 2-Benzyl-5-(2-cyanophenyl)-1 H-benzimidazole (0.81 mmole, 250 mg) was dissolved in 1 ml DMF. Sodium 
hydride (0.97 mmoles, 40 mg of 60%) was added. The solution was stirred for 10 minutes. Ethyl 2-bromooctanoate 
(0.97 mole, 242 mg) was added. After stirring for 20 minutes, ether was added. The organic phase was washed with 
saturated ammonium chloride, dried over sodium sulfate and concentrated. The residue was dissolved in tributyltina- 
zlde (2.0 mmoles, 0.7 g) and heated at 85° C for 32 hours. The reaction mixture was chromatographed over silica gel 
eluted with 10 % hexane in ether, and then ethyl acetate. The material was hydrolyzed with 2 ml of 2N NaOH. The 
aqueous phase washed with ether. The pH was adjusted to 4.0 using 2N HCI. The precipitate was collected and dried. 
The regioisomers were separated by reverse phase HPLC to yield 38 mg of 2-[2-Benzyl-5-[2-(2H-tetrazol-5-yl)phenyl- 
1 H-benzimidazol-1-yl] octanoic acid and 46 mg 2-[2-Benzyl-6-[2-(2H-tetrazol-5-yl)phenyl-1H-benzimidazol-1-yl]octa- 
noic acid. (IVIS) 



35 



40 



Calculated for CggHgoNgOg-l .5 HgO: 


C, 66.78; 


H, 6.38; 


N, 16.11. 


Found: 


C, 66.96; 


H, 6.61; 


N, 15.25. 



Example 47 

2-[5-(2-Carboxyphenyl)-4-aza-1 H-benzimidazol-1 -yljoctanoic acid. 

45 

[0237] 2'-Bromoacetophenone(0.1 moles, 20.0 g) was reacted with sodium methoxide (0.13 moles) in 150 ml meth- 
anol and treated with Gold's Reagent (0.13 moles, 21 .2 g) according to the procedure in J. Org. Chem. 45 : 4525 (1988). 
The intemriediate was purified by chromatography over silica gel eluted with 75-100% ethyl acetate in hexane. The 
resulting amine was dissolved in ethanol with 1 ,1 -bis(methylthio)-2-nitroethylene (0.074 moles, 12.3 g) and sodium 
50 acetate (22.5 g) and refluxed for two hours. An additional 45 g of sodium acetate was added. The solution continued 
to reflux for 16 hours. The reaction was concentrated. Ethyl acetate and water were added. The organic phase was 
dried and evaporated. The product was chromatographed over silica gel eluted with a gradient of 25-100% ethyl acetate 
in hexane to yield 2.6 g of 2-amino-6-(2-bromophenyl)-3-nitropyridine. (MS) 



Calculated for CiiNgBrNgOg- 


C, 44.92; 


H, 2.74; 


N, 14.29. 
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(continued) 



Found: 


44.96; 


H, 2.64; 


N, 14.11. 



[0238] 2-Annino-6-(2-bronnophenyl)-3-nitropyridine (8 mmoles, 2.5 g) was refluxed for 16 hours with copper cyanide 
(8.8 nnnnoles, 0.80 g) in 50 ml DMF. The reaction was cooled, extracted with ethyl acetate and water, and filtered. The 
organic phase was dried and concentrated. (MS) The nitro group was reduced by hydrogenation in ethyl acetate and 
ethanol (1:1) over 1 .0 g of 5% Pd/C. The reaction was filtered and concentrated. The diannine (3.33 nnnnoles, 700 nng) 
was refluxed In 50 nnl formic acid for 2 hours. Water and ethyl acetate were added. The pH was adjusted to 9.5 using 
2N NaOH, The solution was dried, and the ethyl acetate evaporated. The intermediate was taken up in ethanol and 
filtered. The ethanol solution was concentrated under vacuum to yield 700 mg of ethyl 2-[5-(2-Carboxyphenyl)-4-aza- 
1 H-benzimidazol-1-yl]octanoate. (MS) 

[0239] The azabenzimidazole (3 mmoles, 660 mg) was dissolved in DMF. Sodium hydride (3 mmoles, 120 mg of 
60% in mineral oil) was added. Ethyl 2-bromooctanoate (3 mmoles, 717 mg) was added. The reaction was stirred for 
16 hours. The reaction was extracted with ethyl acetate added and washed with water. The ethyl acetate was dried 
and evaporated. The intermediate was purified by chromatography over silica gel eluted with a gradient of 25-50% 
ethanol in ethyl acetate to yield 52 mg of ethyl 2-[5-(2-carboxyphenyl)-4-aza-1 H-benzimidazol-1-yl]octanoate 214 mg) 
and 214 mg of the Ethyl 2-[6-(2-carboxyphenyl)-4-aza-1H-benzimidazol-1-yl]octanoate. (MS) 



25 



Calculated for C23H35N3O7-0.4H2O: 


C, 57.37; 


H, 7.33; 


N, 8.73. 


Found: 


C, 57.97; 


H, 6.71; 


H, 8.75. 



[0240] The ester was heated on a steam bath for 30 minutes in 10 ml ethanol and 1 ml 5 N NaOH, cooled, and 

concentrated. Water was added. The solution was washed with ethyl acetate. The pH was adjusted to 3.0 using 2N 
HCI. The product was extracted with ethyl acetate, dried and concentrated to yield 17 mg of 2-[5-(2-Carboxyphenyl)- 
4-aza-1 H-benzimidazol-1-yl]octanoic acid. (MS) 



Calculated for C21H23N3O, 


^-1.3 H2O: 


C, 62.30 ; 


H, 6.38; 


N, 10.38. 


Found: 


62.64; 


H, 6.13; 


10.08. 



40 Example 48 

1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-phenoxy-L-proline 

[0241] N-Carbobenzyloxy-4-trans-hydroxy-L-proline methyl ester (35.84 mmole, 1 0.0 g) was dissolved in 1 00 ml of 
45 THE and cooled to 0° C. Phenol (51 .96 mmoles, 4.90 g) and triphenylphosphine (51 .96 mmoles, 13.82 g) were added. 
Diethylazodicarboxylate (51 .96 mmoles, 9.44 ml) was added dropwise over 1 hour while maintaining the temperature 
from 0 to -5°C. The reaction stirred at room temperature for 16 hours. The solution was concentrated. 50% Ether in 
hexane was added. The solid was filtered. The solution was concentrated to a yellow oil. The oil was chromatographed 
over silica gel eluted with a gradient of 20-40% ether in hexane to yield 3.01 g of N-Carbobenzyloxy-4-cis-phenoxy-L- 
50 proline methyl ester. (MS) 



Calculated for C20H21 


NO5: 


C, 67.59; 


H,5.96; 


N, 3.94. 


Found: 


C, 67.29; 


H, 6.00; 


N, 4.00. 
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[0242] N-carbobenzyloxy-4-cis-phenoxy-L-proline methyl ester was hydrogenated in ethyl acetate over 5% Pd/C, 
filtered and concentrated. The amine (3.24 mmoles, 716 mg), 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl] 
octanoic acid (3.24 mmole, 733 mg) and hydrcxybenzotriazole (3.56 mmoles, 480 mg) were dissolved in 4 ml DMR 
Dicyclohexylcarbodiimide (3.56 mmoles, 733 mg) was added. The solution was stirred overnight. Ethyl acetate was 
added. The solution was filtered, washed with water, dried and concentrated. The ester was chromatographed over 
silica gel eluted with 1-3% methanol in chloroform. The mixture of stereoisomers was chromatographed by reverse 
phase HPLC eluted with 40% acetonitrile in water with 1% ammonium acetate. Each ester was hydrolyzed by stirring 
in 1 ml of 2N NaOH for 1 hour at room temperature. The solution was filtered. The pH was adjusted to 3.5 with 1 N HCI. 
The solid was collected and dried to yield 1 -[1 -oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis- 
phenoxy-2-pyrrolidine carboxylic acid. 

Isomer A: 220 mg (MS) 

M. Ft.: 160-165° C. 



Calculated for C33H35N704-1 .5 HCI: 


C, 61.13; 


H, 5.67; 


N, 15.12. 


Found: 


C, 61.05; 


H, 5.56; 


N, 14.96. 



Isomer B: 250 mg (MS) 
M. Ft.: 158-165° 0. 



Calculated for C33H35N7O4 


•1.3 HCI: 


C, 61.83; 


H, 5.71; 


N, 15.29. 


Found 


C, 61.99; 


H, 5.59; 


N, 15.07. 



Example 49 

1 -[1 -OxQ-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl-4-cis-4-fluorophenoxy-L-proline. 

[0243] N-Carbobenzyloxy-4-trans-hydroxy-L-proline methyl ester (35.84 mmole, 10.0 g) was converted to the cis- 
4-fluorophenoxy derivative following Example 40 to yield 2.20 g of N-carbobenzyloxy-4-cis-4-fluorophenoxyphenyl-L- 
proline methyl ester. 

[0244] N-Carbobenzyloxy-4-cis-4-fluorophenoxyphenyl-L-proline methyl ester was hydrogenated and reacted with 
2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid (1 .24 mmole, 0.50 g.) following the procedure in 
Example 48 to yield 1 27 mg of 1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl-4-cis-4-fluoroph- 
enoxy-L-proline. (MS) 

M. Ft.: 131-140° C. 



Calculated for C33 


H34N7O4F.I.5 HgO: 


C, 59.48; 


H, 


5.37; 


N, 14.71. 


Found: 


C, 59.71; 


H, 


5.16; 


N, 14.57. 



Example 50 

1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-l -yl]-7-trif luoromethylhexyl]-4-cis-phenoxy-L-proline. 

[0245] Ethyl acetoacetate was reacted with sodium hydride and 4-trifluoromethylbutyl bromide and then bromlnated 

with N-Bromosuccinimide as in Example 11 to yield ethyl 2-Bromo-7-trifluoromethylhexanoate. 

[0246] 5-(2-Cyanophenyl)-1 H-benzimidazole was reacted with sodium hydride and ethyl 2-bromo-7-trlfluoromethyl- 

hexanoate. The nitrile ester was converted to thetetrazole with tributyltinazide and hydrolyzed with sodium hydroxide 
as in Example 8 to yield 7-trifluoromethyl-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid. 
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[0247] 7-Trifluoromethyl-245-[2-(2H-tetrazol-5-yl)phenyl]-1H-benzimidazol-1-yl]octanoi acid (1.69 mmoles, 0.750 
g) was reacted with cis-plienoxy-L-proline metliyl ester (2.19 mmoles, 523 mg), liydroxybenzotriazole (1 .86 mmoles, 
250 mg) and 

dicyclohexylcarbodiimide (1 .86 mmoles, 380 mg) in 5 ml DMF as in Example 48. The resulting ester was hydrolyzed 
with sodium hydroxide to yield 526 mg of 1 -[1-oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1-yl]-7-trifluor- 
omethylhexyl]-4-cis-phenoxy-L-proline. (MS). 



Calculated for C32H3oN704F3- 0.9 HCI: 


57.67; 


H. 4.67; 


N, 14.71. 


Found: 


C, 57.80; 


H, 4.60; 


N. 14.60. 



Example 51 

1 -[1 -Oxo-2-[5-r2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimldazol-1 -vnoctvl-4-trans-phenoxv-L-proline 

[0248] N-carbobenzyloxy-4-cis-hydroxy -L-proline methyl ester (24.20 mmoles, 6.75 g) was dissolved in 1 00 ml THF 
and cooled to 0° C. Triphenylphosphine (35.1 moles, 9.33 g) and then phenol (35,1 , 3.31 g) were added followed by 
dropwise addition of diethylazodicarboxylate (35.1 mmoles, 6.40 ml) over 1 hour. The reaction was stirred for 48 hours 
at room temperature. The solvent was removed. The residue was dissolved in ether and filtered. The filtrate was 
concentrated and chromatographed over silica gel eluted with a gradient of 10-25% ethyl acetate in hexaneto yield 
4.12 g of N-carbobenzyloxy-4-trans-phenoxy-L-proline methyl ester. 

[0249] N-Carbobenzyloxy-4-trans-phenoxy-L-proline methyl ester was hydrogenated and reacted with 2-[5-[2-(2H- 
tetrazole-5-yl)phenyl]-1 H-benzimidazole-1-yl]octanoic acid (1 .1 mmole,400 mg) as in Example 48 to yield 196 mg of 
1 -[1 -0x0-2 -[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl-4-trans-phenoxy-L-proline. (MS) 
M. Pt.: 128-133° C 



Calculated for C33H35N7O4.O.5 HCI: 


C, 64.77; 


H, 5.85; 


N, 16.02. 


Found: 


C, 64.82, 


H, 5.95 


N, 16.26. 



Example 52 

1 -[1 -QxQ-2-[5-[2-[2IH-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-thiophenoxy-L-proline 

[0250] Triethylamine (0.06 moles, 8.4 ml), p-toluenesulfonyl chloride (0.04 moles, 7.75 g of 98%) and 4-dimethyami- 
nopyridine (146 mg) were added to N-carbobenzyloxy-4-trans-hyrdroxy-L-proline methyl ester (0.04 moles, 11.1 g) in 
75 ml CHCL3. The reaction was stirred at room temperature for 23 hours, poured into ice water, washed with water, 
dried and concentrated. The residue was chromatographed over silica gel eluted with 25-40% ethyl acetate in hexane. 
The resulting tosylate (23.2 mmoles, 10 g) was added to a solution of sodium (50 mmoles, 1.15 g) in ethanol (60 ml) 
with thiophenol (49.0 mmoles, 5.4 g) and stirred for 16 hours. The reaction was concentrated; water and methylene 
chloride were added. The organic phase was washed with saturated sodium bicarbonate and water, dried over sodium 
sulfate and concentrated. The residue was purified by chromatography over silica gel eluted with 20% ethyl acetate In 
hexane to yield 6.0 g of N-carbobenzyloxy-4-cis-thiophenoxy-L-proline methyl ester. 

[0251] N-carbobenzyloxy-4-cis-thiophenoxy-L-proline methyl ester( 1 6.5 mmole, 6.02 g) was dissolved in 18 ml 1 N 
sodium hydroxide, 30 ml methanol and 5 ml THF, and stirred for 16 hours at room temperature. The reaction was 
concentrated. Water and ether were added. The aqueous layer was acidified using 2N HCI and extracted with ethyl 
acetate. The ethyl acetate solution was dried and evaporated to yield N-carbobenzyloxy-4-cls-thlophenoxy-L-prollne 
methyl ester (MS). 

[0252] The carbobenzyloxy was removed by dissolving the acid (5.877'g, 16.5 mmoles) in glacial acetic acid and 
HBr and refluxing for 1 hour. The reaction was concentrated. Isopropanol was added twice and evaporated to yield 
4.1 g of oil which still contained some isopropanol. The acid was dissolved in methanol and cooled to -30° C. Concen- 
trated HCI (1 .55 ml) was added. The reaction was stirred cold for 2 hours and at room temperature for 24 hours. The 
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reaction was concentrated. Water was added, 10% sodium bicarbonate was added. The product was extracted with 
methylene chloride, dried and evaporated to yield 1 .97 g of 4-cis-thiophenoxy-L-proline methyl ester. 
[0253] 4-cis-thiophenoxy-L-prcline methyl ester (1 .75 mmoles, 465 mg) was reacted with 2-[5-[2-(2H-tetrazol-5-yl) 
phenyl]-1 H-benzimidazol-1 -yl]octanoic acid (1 .24 mmoles, 0.5 g) and hydrolyzed according to Example 48 to yield 308 
5 mg of 1 -[1 -Oxo-2-[5-[2-[2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-thiophenoxy-L-proline. (MS) 
M. Pt.: Dec. 140°C 



10 



Calculated for C33H35N7O3 


S- 


0.75 HCI: 


62.21; 


H, 5.66; 


N, 15.39. 


Found: 


C, 62.25; 


H, 5.71; 


N, 15.08. 



Example 54 

1 -n -Oxo-2-[5-r2-r(2H-tetrazol-5-yllphenvl1-1 H-benzimidazol-1 -vl1octvl1-4-cis-(3-pvridvloxy)-L-proline 

[0254] N-Carbobenzyloxy-4-trans-hydroxy-L-proline methyl ester (1 7.9 mmoles, 5.0 g) was converted according to 
Example 48 to yield 2.93 g of N-Carbobenzyloxy-4-cis-3-pyridyloxy-L-proline methyl ester. 

[0255] N-Carbobenzyloxy-4-cis-3-pyridyloxy-L-proline methyl ester was deprotected, reacted with 2-[5-[2-(2H-tetra- 
zol-5-yl)phenyl]1 H-benzimidazol-1 -yl]octanoic acid ( 1 .24 mmole, 0.50 g) as in Example 48. The stereoisomers were 
separated by chromatography over silica gel eluted with a gradient of 3-10% methanol In CHCI3. Each ester was 
hydrolyzed as in Example 48 to yield 1-[1-Oxo-2-[5-[2-[(2H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]- 
4-cis-(3-pyridyloxy)-L-proline. 

Isomer A: 157 mg (MS) 

M. Pt.:Dec. 230° C 



30 



Isomer B: 227 mg (MS) 
M. Pt.: Dec. 230° C. 



40 



Calculated for C32H34N8O 


4.0.68 HCI: 


C, 62.05; 


H, 5.64; 


N, 18.09; 


Found: 


C, 62.11; 


H, 5.80; 


N, 17.86. 




Calculated for C32H34NQO 


4-0.68 HCI: 


C, 62.05; 


H, 5.64; 


N, 18.09. 


Found 


C, 62.07; 


H, 5.77; 


N, 18.02. 



45 Example 55 

N-[1 -oxo-2-[5-[2-[2H-tetrazole-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-L-phenylalanine 

[0256] L-Phenylalanine hydrochloride (1.75 mmoles, 380 mg), diisopropylethylamine (1.93 mmoles, 0.34 ml), 
50 2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octanoic acid (1.24 mmoles, 0.50 g), hydroxybenzotriazole 
(1.36 mmoles 184 mg) and dicyclohexylcarbodiimide (1.36 mmoles, 280 mg) were reacted as in Example 37. The 
stereoisomers were separated by chromatography over silica gel eluted with 2% methanol in chloroform. The isomers 
were hydrolyzed as in Example 37 to yield N-[1 -oxo-2-[5-[2-(2H-tetrazole-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-L- 
phenylalanine. 
55 Isomer A: 1 87 mg (MS) 

M. Pt.: Dec. 165° G 
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Calculated for Cs^HssNyOs-O.g HCI: 


C, 63.75; 


H, 5.85; 


N, 16.79. 


Found: 


C, 63.86; 


H, 6.00; 


N, 16.09. 



Isomer B: 80 mg (MS). 
M. Pt.: Dec. 160°C 



15 



Calculated for Cg^HaaNyOs- 


0.89 HCI: 


C, 63.75; 


H, 5.85; 


N, 16.79. 


Found: 


C, 63.76; 


H, 5.85; 


N, 16.70. 



Example 56 

1 -[1-Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl-1 H-benzimidazol-1 -yl]octyl]-4-phenyl-L-proline. 

[0257] Phenylmagnesium bromide (0. 1 80 mole, 60 ml of 3M in ether) was added at 0° C to N-carbobenzyloxy-4-keto- 
L-proline (0.0722 moles, 19.0 g) in 300 ml THF and stirred overnight at room temperature. Ammonium chloride 400 
ml of 10% was added with cooling and acidified to pH 3.0 using 5N HCI. The intermediate was extracted with ethyl 
acetate, dried and concentrated. The residue was dissolved in 2N NaOH, washed with ether, and acidified with 2N 
HCI. The intermediate was extracted with ethyl acetate, dried and concentrated to yield N-carbobenzyloxy-4-cis-phenyl- 
trans-hydroxy-L-prollne. (MS) 

[0258] The alcohol (0.022 moles, 7.60 g) was refluxed in 20 ml trif I uoro acetic acid and 20 ml dichloromethane. The 

solution was concentrated and dissolved in ether. The solution was cooled at 0°C, treated with diazomethane and 
concentrated. The residue was chromatographed over silica gel eluted with ethyl acetate in hexane to yield 4.25 g of 
N-carbobenzyloxy-4-cis-phenyl-L-proline methyl ester. (MS) The ester was dissolved in 5 ml ethyl acetate and 25 ml 
methanol and hydrogenated at 32 psi over 250 mg of 5% Pd/C for 2.5 hours. The solution was filtered through celite, 
and concentrated to yield 450 mg of 4-cis-phenyl-L-proline methyl ester. 

[0259] 4-cis-Phenyl-L-proline methyl ester (1 .63 mmoles, 0.33 g), 2-[5-[2-(2H-tetrazol-5-yl)phenyl-1 H-benzimidazol- 

1 - yl]octanoic acid (1 .24 mmoles, 0.50 g), hydroxybenzotriazole (1 .36 mmoles, 184 mg) and dicyclohexylcarbodiimide 
(1 .36 mmoles, 280 mg) in DMF were reacted, purified and hydrolyzed as in Example 13 to yield 270 mg of 1-[1-Oxo- 

2- [5-[2-(2H-tetrazol-5-yl)phenyl-1 H-benzlmidazol-1 -yl]octyl]-4-phenyl-L-prollne. (MS) 

M. Pt.: 160-164° C 



40 



Calculated for C33H35N 


7C 


)3. 1.5 HCI: 


C, 63.20; 


H. 5.87; 


N, 15.63. 


Found: 


C, 63.17; 


H, 5.77; 


N, 15.41. 



Example 57 

1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl-4-benzyl-L-proline. 

50 

[0260] Benzyl triphenyl phosphonlum bromide (0.15 moles, 66.07 g) was added portlonwise to a suspension of so- 
dium hydride (0.15 moles, 6.0 g of 60% in mineral oil) in 350 ml DMSO and heated at 70-80° C until dissolved. The 
solution was cooled. N-Carbobenzyloxy-4-keto-L-proline ( 0.025 moles, 13.2 g) in 50 ml DMSO was added dropwise. 
The solution was heated at 70° for 4 hours and stirred at room temperature overnight. A solution of 15 g potassium 
55 bicarbonate in 1 I of water was added. The solution was washed with ether and acidified to pH 4.0 using 2N HCI. The 
product was extracted with chloroform. The chloroform solution was dried and concentrated. The resulting oil was 
triturated with ether. The ether solution was extracted with 10% sodium bicarbonate. The aqueous layer was acidified 
with 2N HCI. The acid was extracted with ether. The organic solution was dried and concentrated. (MS) The acid (5.9 
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mmoles, 2.0 g) in ether was esterified at 0° C with an excess of diazomethane and chromatographed over silica gel 
eluted with ethyl acetate in hexane. The protecting group was removed by dissolving the ester (2.7 mmoles, 0.9 g) in 
20 ml methanol and hydrogenating over Pd/C (200 mg) for 4 hours at 30 psi. The solution was filtered through celite 
and concentrated to yield 400 mg of 4-benzyl-L-proline methyl ester. (MS) 
5 [0261] 4-Benzyl-L-proline methyl ester (1 .75 mmoles, 381 mg), 2-[5-[2-(2H-Tetrazol-5-yl)phenyl]-1 H-benzimidazol- 
1 -yl]octanoic acid (1 .24 mmoles, 0.50 g), hydroxybenzotriazole (1 .36 mmoles, 184 mg) and dicyclohexylcarbodiimide 
(1.36 mmoles, 280 mg) were dissolved in 1 .5 ml DMF, purified and hydrolyzed as in Example 13 to yield 240 mg of 
1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl-4-benzyl-L-proline. (MS) 



10 


Calculated for C34H37N7O 


3. 0.5 HgO: 




C, 67.98; 


H, 6.35; 


N, 15.91. 




Found: 


15 


C, 68.13; 


H, 6.35; 


N, 15.91. 



Example 62 



1 -[1-Oxo-2-[5-[2-(1 H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-hydroxyphenoxy)-L-prQllne 

20 

[0262] N-Carbobenzyloxy-4-cis-(4-t-butoxyphenoxy)-L-proline methyl ester was prepared as in Example 48. (MS) 



Calculated for C24H29NO6: 


C, 67.43; 


H, 6.84; 


N,3.28. 


Found: 


C, 67.15; 


H, 6.84; 


N, 3.30. 



[0263] N-Carbobenzyloxy-4-cis-(4-t-butoxyphenoxy)-L-proline methyl ester (2.48 mmoles) was deprotected and re- 
acted with 2-[5-[2-(2H-tetrazol-5-yl)phenyl]2H-benzimidazole-1 -yl]octanoic acid (2.48 mmoles, 1.0 g), hydroxybenzo- 
triazole (2.73 mmoles, 368 mg) and dicyclohexylcarbodiimide (2.73 mmoles, 560 mg) as in Example 48. The ester was 
dissolved in 5 ml of 2% anisole in trifluoroacetic acid and stirred at room temperature for 3 hours, After concentrating 
the reaction, the ester was hydrolyzed as in Example 48. The stereoisomers were separated. (MS) 



35 


Calculated for C33H35N7O5-0.5 HCI: 




C,63.12; 


H, 5.67; 


N, 15.59. 




Found: 


40 


C,63.12; 


H, 5.67; 


N, 15.61. 



Example 63 



1 -[1-Oxo-2-[5-[2-(1 H-tetrazol-5-vl]phenyl]-1 IH-benzimidazol-1 -vl]octvl]-4-cis-(4-methoxyphenoxy)-L-proline. 

45 

[0264] N-Carbobenzyloxy-4-cis-(4-methoxyphenoxy)-L-proline methyl ester was prepared as in Example 48. (MS) 



50 



Calculated, for C21H23NO6: 


C, 65.44; 


H,6.01; 


N,3.63. 


Found: 


C, 65.40; 


H, 6.07; 


N, 3.90. 



1- [1 -Oxo-2-[5-[2- (1H-tetrazol-5-yl]phenyl]-1 H-benzimidazol-1 -yl)octyl]-4-cis-(4-methoxyphenoxy)-L-prollne was pre- 
pared as in Example 48. (MS). 
M. Pt.: 162-170°C. 
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Calculated for C34H37N7O5: 


C, 65.48; 


H, 5.98; 


N, 15.72. 


Found: 


C, 65.74; 


H, 5.97; 


N, 15.64. 



[0265] The following compounds were prepared In a manner analoguous to Example 48: 

10 

Example 66 

1 -[1-Qxo-2-[5-[2-(1 l-l-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]Qctyl]-4-cis-(4-carboxymethylphenoxy)-L-proline 

^5 [0266] (MS) 

M. Pt.: 159 - 169 °C dec. 



Calculated for C35H37N7Oe-0.32 HCL: 


C, 63.37; 


H, 5.67; 


N, 14.78 


Found: 


C, 63.38; 


H, 5.78; 


N, 14.79 



[0267] The compounds of Formula I are potent effective antagonists of angiotensin II. The ability of representative 
compounds of Fomnula I to block angiotensin II receptor binding was determined using the adrenal glomerulosa assay. 
The ability to antagonize angiotensin-induced vasoconstriction was evaluated in the rabbit aorta test system. 

Adrenal Glomerulosa Test System 

[0268] Binding of P^s-angiotensin II to adrenal membranes was routinely carried out in 96-well filtration plates. Ad- 
renal membranes were prepared from the capsular portion (glomerulosal layer attached) of rat adrenal glands by 
differential centrifugation. Briefly, capsules were homogenized in a solution containing sucrose, 250 mlVI; MgClg, 1 mM; 
and tris, 5 mM at pH 7.5 and 4°C using a polytron at setting 5 for 20 seconds. The homogenate was stirred gently for 
15 minutes at 4°C and then centrifuged 10 minutes, at 1000 x g, 4°C, The supernatant was centrifuged 30 minutes, 
at 30,000 X g, 4°C, and the resulting pellet resuspended in 50 mM tris. Membrane preparations were stored in aliquots 
at -70°C until used. Binding of M^S-angiotensin II to adrenal membranes was performed at room temperature for 90 
minutes in 96-well plates containing a hydrophilic polyvinylidene fluoride membrane (0.45 ^im, Millipore-GV multi- 
screen). Each 250 ^iJ incubate contained the following (final concentration): tris, 50 mM; NaCI, 120 mM; MgClg, 5mM; 
dithiothrietol 1 mM; bovine serum albumin, 0.05%; M^S-angiotensin II, 0.1 nM; and adrenal membrane protein, 8-15 
^ig. Antagonists were added in concentrations from 1 0 nM to 1 00 [iM. Non-specific binding was measured in the pres- 
ence of 0.1 ^iM Sar-i, lleg angiotensin II. Binding was terminated by vacuum filtration. Receptor-ligand complex trapped 
onfilters was washed 3 times with 300^1 ice-cold wash solution (tris, 50 mM; NaCI, 120 mM; MgCl2, 5mM; dithiothrietol, 
1 mM). Filter discs were dried, punched out and counted in a gamma counter at 52% efficiency. Specific binding rep- 
resented 96% of total binding (approximately 150 fmol angiotensin ll/mg protein). The molar concentration (IC5Q) of 
the inhibitor that displaced 50% of the binding of P^s angiotensin II for each compound was calculated using a 4 
parameter logistics model (NonLin, SAS Institute). Data are expressed as Kl (fim) calculated using the Cheng PrusofF 
equation, see Cheng et al. Biochem. Pharmacol. 22: 3099 (1 973). 



Rabbit Aorta Test System 
50 

[0269] New Zealand white rabbits (Hazelton, 2-3 kg) were sacrificed by cervical dislocation. The thoracic aortae were 
removed and cleaned of excess fat and connective tissue. Rings of tissue (3 mm wide) were mounted in 10 ml tissue 
baths between 2 L-shaped stainless steel hooks. The lower hook was attached to a stationary rod. The upper hook 
was attached to a force displacement transducer (Grass model FT.03). The bath chambers were maintained at 37°C, 
aerated with 95% 03/5% CO2, and contained physiological solution of the following composition (mM): NaCI, 117; glu- 
cose, 5.6; NaH2P04, 1.0; MgS04, 0.7; KCI, 5.2; CaClg, 1.8; NaHCOa, 26; and phentolamine HCI, 0.003. 
[0270] Rings were equilibrated for 1 hour with 2 g of tension. During the equilibration period, the tissues were washed 
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10 



by overflow every 15 minutes. Rings were tlien exposed to 10"^ M angiotensin II (All) and were allowed to contract 
until a steady state was reached. Tissues were tlien washed every 15 nninutes for 1 hour. This was repeated every 
hour until the All response stabilized. A cunnuiative concentration response curve to All {^0-^^ to IQ-'^M) was then 
obtained. At the conclusion of the concentration response curve, tissues were washed every 2 nninutes until baseline 
tension was reached, then every 1 5 minutes for 30 minutes. Compounds were added in a volume of 1 0 ja,l DMSO and 
allowed to incubate for 30 minutes before repeating the concentration response curve to All. Contractions to All were 
expressed as a percent of the maximum contraction obtained in the control curve (the first All concentration response 
curve). ECso's (concentration that contracted the tissues to 1/2 the control maximum) for each curve were calculated 
using a 4 parameter logistics model (NonLin, SAS Institute). Potency is expressed as the pA2 (defined as -log Kg, 
where Kg = [molar concentration of antagonist]/[(EC5o All with antagonist/EC^Q All without antagonist)-1]). 
[0271 ] Using the methology described, representative compounds of the present invention were evaluated and were 
found to exhibit activity as measured by a pA2 of at least 4.1 using the rabbit aorta test system thereby demonstrating 
and confirming the utility of the compounds of the invention as effective angiotensin II antagonists. 



15 




Tahl<a 1 

iduie 1 






Example 


Adrenal Glomerulosa 


Rabbit Aorta 






(K,, ^xm) 


(PA2) 




1 


3.86 


6.7 


20 


2 


9.45 


6.3 




3 


5.60 


7.6 




4 


* 


5.3 




5 


0.36 


7.4 




6 


0.085 


7.1 


25 


7 


* 


7.6 




8 


* 


7.0 




9 


0.029 


7.7 




10 


* 


6.6 


30 


11 


* 


6.7 




12 




7.4 




13 


0.0042 


7.5 




14 


1.08 


6.0 




15 


* 


7.1 


35 


16 


* 


7.2 




17 


* 


7.2 




18 




7.2 




19 


* 


6.6 


40 


20 


* 


7.7 




21 


2.26 


7.9 




22 


1.72 


7.7 




23 


* 


6.0 




24 


13.7 


6.4 


45 


25 A 


* 


6.5 




B 




7.3 




26 


5.72 


6.4 




27 2H 


5.43 


6.7 


50 


1H 




7.0 






28 


14.3 


5.4 




29 


19.2 


5.4 




30 


* 


6.5 




31 


* 


7.3 


55 


32 


* 


6.7 




33 


* 


6.8 



* indicates data are not available 
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Table 1 (continued) 





Exainple 


Adrenal Glomerulosa 

yix|, pi 1 ly 


riaDDiT Aona 


5 


Of 




7 0 






* 


R 7 




36 


* 


6.4 




37 


n nRi4 

U.UO 1 *+ 


7 1 
/ . 1 




oo 


* 


R 1 

O. 1 


10 




* 


R 9 




H-VJ 




R R 




H- 1 


U. 1 u 


7 n 
/ .u 




A9 




R 


15 


A'^ 




7 9 




AA 


n 1 QQ 


R n 






* 


7 
o. / 




46 


* 


6.8 




47 

H- / 


* 


R 4 


20 


AR 


* 








* 


7 4 






* 


7 0 




o 1 


* 


R 9 


25 




* 


R Q 




SO 


* 


7 R 




0*T 


* 


R 4 




55 


* 


4.1 




oo 


* 


7 


30 


o / 


* 


R Q 




oo 


* 


7 

/ .o 




0\7 


* 


5.8 




60 


* 


6.2 


35 


61 


* 


5.4 










62 


* 


8.5 




63 


* 


8.9 




64 


* 


7.0 




65 


* 


6.3 


40 


66 


* 


9.1 



* indicates data are not available 



[0272] The term "pharnnaceutically effective amount", as used herein, represents an amount of a compound of the 
invention which is capabie of biocl<ing angiotensin li receptors in mammals. The particular dose of the compound 
administered according to this invention will, of course, be determined by the particular circumstances surrounding the 
case, including the compound administered, the route of administration, the particular condition being treated, and 
similar considerations. Thecompounds can be administered byavariety of routes includingtheoral, rectal, transdermal, 
subcutaneous, intravenous, intraocular, intramuscular or intranasal routes. Atypical daily dose will contain from about 
0.01 mg/l<g to about 20 mg/l<g of the active compound of this invention. Preferred daily doses will be about 0.05 to 
about 10 mg/kg, ideally about 0.1 to about 5 mg/kg, 

[0273] The term "treating," as used herein, describes the management and care of a patient for the purpose of 
combating the disease, condition, or disorder. The temn "treating" includes the administration of a compound of present 
invention to prevent the onset of the symptoms, alleviating the symptoms, or eliminating the disease, condition, or 
disorder. 

[0274] The term "enhancing cognitive performance," as used herein, describes facilitating memory and learning in 
patients in need of such treatment. Examples include patients suffering from cognitive impairments like age associated 
mental impairment and Alzheimer's disease. 
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[0275] The compounds of Formula I are preferably formulated prior to administration. Therefore, yet another em- 
bodiment of the present invention is a pharmaceutical formulation comprising a compound of Formula I and one or 
more pharmaceutically acceptable carriers, diluents or excipients therefor. 

[0276] The present phamriaceutical formulations are prepared by known procedures using well known and readily 

5 available ingredients. In making the compositions of the present invention, the active ingredient will usually be mixed 
with a carrier, or diluted by a carrier, or enclosed within a earner 

which may be in the form of a capsule, sachet, paper or other container. When the carrier serves as a diluent, it may 
be a solid, semisolid or liquid material which acts as a vehicle, excipient or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, 
10 solutions, syrups, aerosol (as a solid or in a liquid medium), ointments containing, for example, up to 10% by weight 
of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions and sterile packaged 
powders. 

[0277] Some examples of suitable carriers, excipients, and diluents include lactose, dextrose, sucrose, sorbitol, man- 
nitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellu- 

15 lose, polyvinylpyrrolidone, cellulose, water syrup, methyl cellulose, methyl and propylhydroxybenzoates, talc, magne- 
sium stearate and mineral oil. The formulations can additionally include lubricating agents, wetting agents, emulsifying 
and suspending agents, preserving agents, sweetening agents or flavoring agents. The compositions of the invention 
may be formulated so as to provide quick, sustained or delayed release of the active ingredient after administration to 
the patient by employing procedures well known in the art. 

20 [0278] The compositions are preferably formulated in a unit dosage form, each dosage containing from about 5 to 
about 500 mg, more usually about 25 to about 300 mg, of the active ingredient. The term "unit dosage form" refers to 
physically discrete units suitable as unitary dosages for human subjects and other mammals, each unit containing a 
predetermined quantity of active material calculated to produce the desired therapeutic effect, in association with a 
suitable pharmaceutical carrier. 

25 [0279] The following formulation examples are illustrative only and are not intended to limit the scope of the invention 
in any way. 



Fomriulation 1 




[0280] Hard gelatin capsules are prepared using the following ingredients: 






Quantity (mg/ 




capsule) 


1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-(4-t- 


250 


butyloxyphenoxy)-L-proline 




starch, dried 


200 


magnesium stearate 


10 


Total 


460 mg 



40 

[0281] The above ingredients are mixed and filled into hard gelatin capsules in 460 mg quantities. 
Fomriulation 2 



[0282] A tablet is prepared using the ingredients below: 







Quantity (mg/ 
capsule) 


50 


1 -[1 -Oxo-2-[5-[2-sulfophenyl]-1 H-benzimidazol-1 -yljoctyl]- 


250 


4-cis-(4-thiomethoxyphenoxy)-L-proline 






cellulose, microcrystalline 


400 




silicon dioxide, fumed 


10 




stearic acid 


5 


55 


Total 


665 mg 



The components are blended and compressed to form tablets each weighing 665 mg. 
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Formulation 3 

[0283] An aerosol solution is prepared containing the following connponents; 





Quantity (mg/ 




capsule) 


1 -[1 -Oxo-2-[5-[2-sulfophenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-(4-hydroxyphenoxy)-L- 


0.25 


proline 




ethanol 


29.75 


Propellant 22 




(chlorodifluoromethane) 


70.00 


Total 


100.00 


[0284] The active connpound is mixed with ethanol. The mixture is added to a portion of the Propellant 22, cooled to 


-30°C and transferred to a filling device. The required amount is then fed to a stainless steel container and diluted with 


the remainder of the propellant. The valve units are then fitted to the container. 




Formulation 4 




[0285] Tablets each containing 60 mg of active ingredient are made as follows: 






Quantity (mg/ 




capsule) 


1 -[1 -Oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis 


60 mg 


(4-methoxyphenoxy)-L-proline. 




starch 


45 mg 


microcrystalline cellulose 


35 mg 


polyvinylpyrrolidone 




(as 10% solution in water) 


4mg 


sodium carboxymethyl starch 


4.5 mg 


magnesium stearate 


0.5 mg 


talc 


1 mg 


Total 


150 mg 



[0286] The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thoroughly. 
The solution of polyvinylpyrrolidone is mixed with the resultant powders which are then passed through a No. 14 mesh 
U.S. sieve. The granules so produced are dried at 50°C and passed through a No. 18 mesh U.S. sieve. The sodium 
carboxymethyl starch, magnesium stearate and talc, previously passed through a No. 60 mesh U.S. sieve, are then 
added to the granules which, after mixing, are compressed on a tablet machine to yield tablets each weighing 1 50 mg. 



Fomriulatlon 5 

45 

[0287] Capsules each containing 80 mg of medicament are made as follows: 







Quantity (mg/ 
capsuie) 


50 


1 -[1 -oxo-2-[5-[2-sulfophenyl)-1 H-benzimidazol-1 -yl]octyl]-4-cis-((4-methylene 


80 mg 




phosphonic acid)-L-proline. 






starch 


59 mg 




microcrystalline cellulose 


59 mg 


55 


magnesium stearate 


2mg 




Total 


200 mg 



[0288] The active ingredient, cellulose, starch and magnesium stearate are blended, passed through a No. 45 mesh 
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U.S. sieve, and filled into hard gelatin capsules in 200 nng quantities. 
Formuiation 6 

5 [0289] Suppositories each containing 225 mg of active ingredient may be made as follows: 





Quantity (mg/ 
capsule) 


1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl]- 

4-cis-(4-carboxymethylphenoxy)-L-proline. 

saturated fatty acid glycerides 

Total 


225 mg 

2,000 mg 
2,225 mg 


[0290] The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2 g capacity and allowed to cool. 


Formulation 7 




[0291] Suspensions each containing 50 mg of medicament per 5 ml dose are made as follows: 




(Quantity mg/ 
capsule) 


1 -[1 -Oxo-2-[5-[2-(2H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]octyl- 

4-trans-(4-methoxyphenoxy-L-proline 

sodium carboxymethyl cellulose 

syrup 

benzoic acid solution 

flavor 
color 

purified water to total 


50 mg 

50 mg 
1 .25 ml 
0.10 ml 

q.v. 

q.v. 

5 ml 



[0292] The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl 
cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with some of the 
water and added, with stirring. Sufficient water is then added to produce the required volume. 



Formulation 8 
40 

[0293] An intravenous fonnulation may be prepared as follows: 





Quantity (mg/capsule) 


1 -[1 -Oxo-2-[5-[2-sulfophenyl]-1 H-benzimidazol-1 -yl]octyl]-4-cis-phenoxy-L-proline 
isotonic saline 


250 mg 
1000 mg 



The solution of the above ingredients is administered intravenously at a rate of 1 ml per minute to a subject in need of 
treatment. 

50 



Claims 



1 . A compound of the Formula 

55 
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P0«<--n3 (i> 



wherein: 

is CO2H, SO3H, PO3H2, CONHSO2R8, or 5-tetrazolyl; 
R2 is H, -OR, -OCOCH3, halo, C1-C4 alkyi, or C1-C4 alkoxy; 
R3 is 







C6 



(e) 



X is -(CH2)mCONH-, -(CH2)mNHCO-, -CH2-, -0-, -NH-, or -(CH2)mCO-; 
R4is 
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R5 is H, C-j-Cs alkyi, C^-C^ trifluoroalkyi, (CF2)nCF3, benzyl, -(CH2)mN(C-,-C 
-(CH2)mNH(Ci-C3 alkyI), -CH2-I -pyrrolidine, 
-(CH2)nC02H, or 



IV* 

CO,H . 



Re is (CH2)pRi, -C0NH(Ci-C4alkyl), -CONH(Ci-C4 trifluoroalkyi), -COO(Ci 
all<yl), -CONH(hydroxy-Ci-C4 alkyi), 





or 



(CH2), 
COOH 



(h) 
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R7 is C4-C9 straight chain alkyi, C4-C9 straight chain trifluoroalkyi, C4-C9 straightchain alkenyl, or C4-C9 straight 
chain trifluoroalkenyl; 

Rq is phenyl, C^-C4 alkyI substituted phenyl, C-1-C5 alkyi, or C^-Cg trifluoroalkyi; 

R9 is (CH2)pRi, or C^C^ alkyi; 

R10 is H or C1-C3 alkyi; 

R^i is H, C1-C4 alkyi, halo, or -(CH2)rPhenyl; 

R^2 is H, -(CH2)pRi, C^-Cy alkyi, C^-Cy trifluoroalkyi, halo, 3-pyridyi, 2-pyrinnidyl, furanyl, oxazolyl, isoxazoiyi, 
or when nn Is 0, 4-4-ethylenedloxy, or substituted or unsubstituted phenyl representing phenyl or phenyl sub- 
stituted with one or nnore groups selected fronn -(CH2)pR-i, -0(CH2)pRi, -(CF2)pC02H, -CONHg, CyCj alkyi, 
C1-C7 trifluoroalkyi, halo, -(CH2)pOH, cyano, phenylsulfonyl, phenyl, thiophenyl, thiocarboxy, C1-C7 trifluoro- 
alkoxy, C^-Cy alkoxy, -S(Ci-C4 alkyi), -SO(Ci-C9 alkyi), -SOaCCi-Cg alkyi), -SO2NR31 R32, -(CH2)pCONR3iR32, 
-(CH2)pNR33S02(C^-C4 alkyi or C^-C4 trifluoroalkyi), or a heteroaryl selected from imidazolyl, triazolyl, tetra- 
zolyl, thioazolyl, isoxazoiyi, or oxazolyl, said heteroaryl being optionally substituted with -(CH2)pRi; R31 and 
R32 are independently H, C-1.4 alkyi, -(CH2)pC02H, or taken together with nitrogen to which they are bonded 
constitute a heterocylic ring selected fronn the groups consisting of pyrrolidine or piperidino, said heterocylic 
ring being optionally substituted with -COOH; R33 is H or C1-C4 alkyi. 

R^3 is 0 or S; 

Ri4 is H or CH3; 

Ri5isHor-(CH2)qRi6; 

R^e's OH, NHg, or COgH; 

Ri7 is H, OH, C1-C4 alkoxy, CO2H, SO3H, PO3H2, CONHSOaRs, or tetrazolyl; 

Y is a R group of a naturally occurring amino acid; 

X' is -0-, -(CH2)p-, or -S-; 

m is independently 0 or 1 ; 

n is independently 1 , 2 or 3; 

p is independently 0, 1 , 2, 3 or 4; 

q is 1 , 2, 3, or 4; 

r is independently 0, 1,2, or 3; 

providing when Rg is (h), and R^g H, the carboxy of (h) is in position 2; and when Rg is (h), m is 0, and R^g 
is H, the carboxy of (h) Is In position 2 or 3; or a pharmaceuticaliy acceptable salt or solvate thereof. 

A compound of Claim 1 wherein R3 is 
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wherein: 

Rj is a C4-C9 straight chain alkyi; 
X' is -0-; 

R^2 's substituted or unsubstituted phenyl, a substituted or unsubstituted fused bicyclic, or a substituted or 
unsubstituted fused tricyclic; and m is 1 . 

The compound of Clainn 3 which is 1-[1-oxo-2-[5-[2-(1H-tetrazol-5-yl)phenyl]-1H-benzinnidazol-1-yl]octyl- 
4-cis-(4-carboxymethylphenoxy)-L-proline or a pharmaceutlcally acceptable salt or solvate thereof. 

A compound as claimed in any of claims 1 to 4 for use as a pharmaceutical. 

A compound as claimed in any of claims 1 to 4 for use as an antihypertension agent. 

A pharmaceutical formulation comprising as an active ingredient a compound as claimed in any one of claims 1 
to 4, associated with one or more pharmaceutlcally acceptable carriers, diluents, or excipients therefor 

A process of preparing a compound as claimed in any one of claims 1 to 4, which comprises hydrolyzing a com- 
pound of the formula: 
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R^' is CO2R', SO3H, PO3H2, CONHSO2R8 or 5-tetrazolyl; 
R2 is H, -OH, -OCOCH3, halo, C^-C^ alkyi, or CyC^ alkoxy; 
Ra" is 




(e) 

X Is -(CH2)rT,CONH-, -(CH2)n|NHCO-, -CH2-, -0-, -NH-, or -(CH2)mCO-; 
R4' is 
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R5' is H, C1-C5 alkyi, C1-C5 trifluoroalkyi, (CFg^CFa, benzyl, -(CH2)m-N(Ci-C3 alkyOg, -(CH2)m-NH(Ci-C3 
alkyi), -CH2-I -pyrrolidine, -(CH2)nC02R', or 



-(CH2)r - 




CO2R' 



Rg' is (CH2)pRi', -CONH(Ci-C4 alkyi), -CON H(Ci-C4 trifluoroalkyi), -COO(Ci-C4 alkyi), -COO(Ci-C4 trifluor- 
oalkyi), -CONH(hydroxy-C-,-C4 alkyi), 




or 




(X')iii.Rl2' 



{Cffi)2n 



C02R' 



(h) 



R7 is C4-C9 straight chain alkyi, C4-C9 straight chain trifluoroalkyi, C4-C9 straight chain alkenyl, or C4-C9 straight 
chain trifluoroalkenyl; 

Rg is phenyl, C1-C4 alkyi substituted phenyl, C1-C5 alkyi, or C1-C5 trifluoroalkyi; 

Rg' is (CH2)pRi', or CyC^ alkyi; 

R^o is H or C^-Cg alkyi; 

R^i is H, C^-C4 alkyi, halo, or -(CH2)r-phenyl; 

R12' is H, -(CH2)pRi', C-1-C7 alkyi, C-1-C7 trifluoroalkyi, halo, substituted or unsubstituted phenyl, 3-pyridyl, 
2-pyrinnidyl, furanyl, oxazolyl, isoxazolyl, a substituted or unsubstituted fused bicyclic, a substituted or unsub- 
stituted fused tricyclic, or when m is 0, 4,4-ethylenedioxy, or substituted or unsubstituted phenyl representing 
representing phenyl or phenyl substituted with one or more groups selected from -(CH2)pRi, -0(CH2)pRi, 
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-(CF2)pC02H, -CONH2, C^-Cyalkyl, C^-Cy trifluoroalkyi, halo, -(CH2)pOH, cyano, phenylsulfonyl, phenyl, thi- 
ophenyl, thiocarboxy, C^-Cy trifluoroalkoxy, Ci-Cyalkoxy, -S(Ci-C4 alkyi), -SO(Ci-C9 alkyi), -SOgCCi-Cg alkyi), 
-SO2NR31R32, -(CH2)pCONR3iR32, -(CH2)pNR33S02(Ci-C4 alkyi or C1-C4 trifluoroalkyi), or a heteroaryl se- 
lected from imidazolyl, triazolyl, tetrazolyl, thioazolyl, isoxazolyl, or oxazolyl, said heteroaryl being optionally 
substituted with -(CH2)pRi; Rs-i and R32 are independently H, alkyi, -(CH2)pC02H, or taken together with 
nitrogen to which they are bonded constitute a heterocylic ring selected fronn the groups consisting of pyrro- 
lidino or piperidino, said heterocylic ring being optionally substituted with -COOH; R33 is H or C1-C4 alkyi. 
Ri3 is 0 or S; 
Ri4 is H or CH3; 
Rl5' isHor-(CH2)qRi6'; 
R^e' is OH, NH2, orCOaR'; 

R^y is H, OH, C1-C4 alkoxy, CO2R', SO3H, PO3H2, CONHSOgRa, or tetrazolyl; 

Y is a R group of a naturally occurring amino acid; 

R' is an ester group; 

X' is -0-, -(CH2)p-, or -S-; 

m is independently 0 or 1 ; 

n is independently 1 , 2 or 3; 

p is independently 0, 1 , 2, 3 or 4; 

q is 1 , 2, 3, or 4; and 

r is independently 0, 1 , 2, or 3; provided that R^' or R3' contain one or more an -CO2R' functionalities. 



Patentanspruche 

1 . Verbindung der Formel 



(1) 



wonn 



fur GO2H, SO3H, PO3H2, GONHSO2R8 Oder 5-Tetrazolyl steht, 

fur H, -OH, -OCOCH3, Halogen, C^-C^ Alkyi oder C^-C^ Alkoxy steht, 

steht fur 





.0> 



(d) 
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Oder 




fur-(CH2)rT,CONH-, -(CH2)rT,NHC0-, -CH2-, -0-, -NH- Oder -(CH2)mCO- steht 
steht fur 




stehtfurH,Ci-C5Alkyl,Ci-C5Trifluoralkyl,(CF2)nCF3, Benzyl, -(CH2)mN(Ci-C3 Alkyl)2, -(CH2)mNH 
(C1-C3 AlkyI), -CHg-l-Pyrrolidin, -(CHg^COgH oder 




steht fur (CH2)pRi, -CONH(Ci-C4 AlkyI), -CONH(Ci-C4 TrifluoralkyI), -COO(Ci-C4 AlkyI), -COO 
(C1-C4 Trifluor-alkyI), -CONH(Hydroxy-Ci-C4-alkyl) 




fiir geradkettiges C4-C9 AlkyI, geradkettiges C4-C9 TrifluoralkyI, geradkettiges C4-C9 Alkenyl oder 
geradkettiges C4-G9 Trifluoralkenyl steht, 

fiir Phenyl, mit C1-C4 substituiertes Phenyl, C^-Cs AlkyI oder C1-C5 TrifluoralkyI steht, 
fur (CH2)pRi Oder CyC^ AlkyI steht, 
fur H Oder C^-Cg AlkyI steht, 

fiir H, C1-C4 AlkyI, Halogen oder -(CH2)rPhenyl steht, 

steht fiir H, -(CH2)pRi, C^-Cy AlkyI, C^-Cy TrifluoralkyI, Halogen, 3-Pyridyl, 2- Py rim idyl, Furanyl, 
Oxazolyl, Isoxazolyl oder wenn m fur 0 steht, fiir 4-4-Ethylendioxy oder substituiertes oder unsub- 
stituiertes Phenyl, das fur Phenyl oder Phenyl steht, das mit einem oder mehreren Gruppen sub- 
stituiert 1st, ausgewahit aus -(GH2)pRi, -0(CH2)pRi: -(CF2)pC02H, -GONH2, OyCj AlkyI, C^-Cy 
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TrifluoralkyI, Halogen, -(CH2)pOH, Cyano, Phenylsulfonyl, Phenyl, ThiophenyL Thiocarboxy, C1-C7 
Trifluoralkoxy, C^-Cy Alkoxy, -S(Ci-C4 AlkyI), -SO(Ci-C9 AlkyI), -SOglCi-Cg AlkyI), -SO2NR31R32, 
-(CH2)pCONR3iR32, -(CH2)pNR33S02(Ci-C4 AlkyI Oder C1-C4 TrifluoralkyI) oderfiir ein Heteroaryl, 
ausgewahit aus Imidazolyl, Triazolyl, Tetrazolyl, Thiazolyl, Isoxazolyl oderOxazolyl, wobei das He- 
teroaryl wahlweise mit -(CH2)pRi substituiert ist, 

Ra^und R32 unabhangig fur H, C^-C^ AlkyI, -(CH2)pC02H stehen oder zusammengenonnnnen mit dem Stick- 
stoffatom, an das sie gebunden sind, fur einen heterocyclischen Ring stehen, ausgewahit aus den 
Gruppen, die bestehen aus Pyrrolidine oder Piperidino, wobei der heterocyclische Ring wahlweise 
substituiert ist mit -COOH, 

R33 fur H Oder C^-C^ AlkyI steht, 

R^3 fur O Oder S steht, 

R^4 fur H Oder CH3 steht, 

Ri5 fur H Oder -(CH2)qRi6 steht, 

R-,6 fur OH, NH2 Oder COgH steht, 

Ri7 fur H, OH, G1-C4 Alkoxy, GO2H, SO3H, PO3H2, GONHSO2R8 oder Tetrazolyl steht, 

Y fur eine R Gruppe einer natiirlich vorkommenden Aminosaure steht, 

X' fur -0-, -(CH2)p Oder -S- steht, 

m unabhangig fur 0 oder 1 steht, 

n unabhangig fur 1 , 2 oder 3 steht, 

p unabhangig fur 0,1,2,3 oder 4 steht, 

q fur 1 , 2, 3 oder 4 steht, 

r unabhangig fur 0, 1 , 2 Oder 3 steht, 

mit der Ma[3gabe, daB wenn Rg fur (h) steht und R^2 ^^^^^ ^ steht, das Garboxy von (h) in 

Position 2 steht und wenn 

Rg fur (h) steht, m fur 0 steht und R^2 ^ steht, das Carboxy von (h) in Position 2 oder 3 steht. 

Oder ein pharmazeutisch annehmbares Salz oder Solvat hiervon. 

Verbindung nach Anspruch 1 , worin R3 steht fur 




R5 fur H steht, und 
R4 steht fur 



Verbindung nach Anspruch 1 der Formel la 
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worin 

R7 fur ein geradkettiges C4-C9 AlkyI steht, 
X' fur -O- steht, 

R-12 fur substituiertes oder unsubstituiertes Phenyl, einen substituierten oder unsubstituierten fusionierten bi- 
cyclischen Ring oder einen substituierten oder unsubstituierten tricyclischen Ring steht und m fur 1 steht. 

Verbindung nach Anspruch 3, die 1-[1-Oxo-2-[5-[2-(1H-tetrazol-5-yl)phenyl]-1H-benzimidazol-1 -yl]octyl- 
4-cis-(4-carboxynnethylphenoxy)-L-Prolin oder ein pharmazeutisch annehmbares Salz oder Solvat hiervon ist. 

Verbindung nach einem der Anspriiche 1 bis 4 zur Verwendung als Pharmazeutikum. 

Verbindung nach einem der Anspruche 1 bis 4 zur Verwendung als Antibluthochdruckmittel. 

Pharnriazeutische Formulierung, die als Wirkstoff eine Verbindung nach einem der Anspruche 1 bis 4 zusamnnen 
mit einem oder mehreren pharmazeutisch annehmbaren Tragern, Verdun nungsmittein oder Hilfsstoffen hierfiir 
enthalt. 

Verfahren zur Herstellung einer Verbindung nach einem der Anspriiche 1 bis 4, das die Hydrolyse einer Verbindung 
der folgenden Formel umfaBt 




worin 

Ri' fur CO2R', SO3H, PO3H2, CONHSOgRs oder 5-Tetrazolyl steht, 

R2 fur H, -OH, -OCOCH3, Halogen, C^-C^ AlkyI oder C^-C^ Alkoxy steht, 

R3' steht fiir 
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fur-(CH2)rT,C0NH-, -(CH2)mNHC0-, -CH2-, -0-, -NH- Oder -(CH2)mC0- steht 
steht fur 




R7 



stehtfurH, C^-Cs AlkyI, Ci-CsTrifluoralkyI, (CF2)nCF3, Benzyl, -(CH2)mN(Ci-C3 Alkyl)2, -(CH2)mNH 
(C1-C3 Alkyl), -CHg-l-Pyrrolidin, -(CH2)nC02R' oder 




CO2R' 



steht fur (CH2)pRi', -CONH(Ci-C4 Alkyl), -CONH(Ci-C4 TrifluoralkyI), -COO(Ci-C4 Alkyl), -COO 
(C1-C4 Trifluor-alkyI), -CONH(Hydroxy-Ci-G4-alkyl) 
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10 



» 1 



c - 



CO2R' T ' ^(CH2)« 

(f) C02R' 



(g) (h) 



R7 fur geradkettiges C4-C9 AlkyI, geradkettiges C4-C9 TrifluoralkyI, geradkettiges C4-C9 Alkenyl oder 

geradkettiges C4-C9 Trifluoralkenyl steht, 
Rq fur Phenyl, mit C-1-C4 substituiertes Phenyl, C-1-C5 AlkyI oder C-1-C5 TrifluoralkyI steht, 

15 R9' fur (CH2)pRi' Oder C1-C4 AlkyI steht, 

R^o fur H Oder C^-C^ AlkyI steht, 

R^^ fur H, C1-C4 AlkyI, Halogen oder -(CH2)r-Phenyl steht, 

R^2' steht fur H, -(CH2)pRi', C^-Cy AlkyI, C^-Cy TrifluoralkyI, Halogen, substituiertes oder unsubstituier- 

tes Phenyl, 3-Pyridyl, 2-Pyrimidyl, Furanyl, Oxazolyl, Isoxazolyl, einen substituierten oder unsub- 
20 stitulerten fusionierten bicyclischen Ring, einen substituierten oder unsubstituierten fusionierten 

tricyclischen Ring oder wenn m fur 0 steht, fur 4-4- Ethyl en dioxy oder substituiertes oder unsubsti- 
tuiertes Phenyl, dasfiir Phenyl oder Phenyl steht, das mit einerodermehreren Gruppen substituiert 
ist, ausgewahit aus -(CH2)pRi, -0(CH2)pRi, -(CF2)pC02H, -CONH2, C^-Cy AlkyI, C^-Cy Trifluoral- 
kyI, Halogen, -(CH2)pOH, Cyano, Phenylsulfonyl, Phenyl, Thiophenyl, Thiocarboxy, C^-Cj Tri- 
25 fluoralkoxy, CyCj Alkoxy, -S(Ci-C4 AlkyI), -SO(Ci-C9 AlkyI), -S02(Ci-C9 AlkyI), -SO2NR31R32, 

-(CH2)p. CONR31R32, -(CH2)pNR33S02(Ci-C4 AlkyI oder C^-C^ TrifluoralkyI) oder fur ein Hete- 
roaryl, ausgewahit aus Innidazolyl, Triazolyl, Tetrazolyl, Thiazolyl, Isoxazolyl oder Oxazolyl, wobei 
das Heteroaryl wahlweise mit -(CH2)pRi substituiert ist, 

R3^und R32 unabhangig fur H, C^-C4 AlkyI, -(CH2)pC02H stehen oder zusammengenommen mit dem Stick- 
30 stoffatom, an das sie gebunden sind, fiir einen heterocyclischen Ring stehen, ausgewahit aus den 

Gruppen, die bestehen aus Pyrrolidino oder Piperidino, wobei der heterocyclische Ring wahlweise 
substituiert ist mit -COOH, 

R33 fiir H Oder C^C^ AlkyI steht, 

R^3 fiir O Oder S steht, 

35 R^4 fiir H Oder CH3 steht, 

R15' fur H Oder -(CH2)qRi6' steht, 

R^e' fiir OH, NHg oder CO2R' steht, 

R^y fiir H, OH, G1-C4 Alkoxy, CO2R', SO3H, PO3H2, CONHSO2R8 oder Tetrazolyl steht, 

Y fur eine R Gruppe einer natiirlich vorkommenden Aminosaure steht, 

40 R' fiir eine Estergruppe steht, 

X' fur -0-, -(CH2)p Oder -S- steht, 

m unabhangig fiir 0 oder 1 steht, 

n unabhangig fiir 1 , 2 oder 3 steht, 

p unabhangig fur 0,1,2,3 oder 4 steht, 

45 q fur 1, 2, 3 Oder 4 steht, und 

r unabhangig fiir 0,1,2 oder 3 steht, 

mit der l\/laBgabe, daB R^' oder R3' eine oder mehrere -COgR' Funktionalitaten enthalten. 

50 Revendications 

1 . Compose repondant a la fomnule 

55 
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(I) 



dans laquelle 

Ri represente un groupe CO2H, un groupe SO3H, un groupe PO3H2, un groupe CONHSO2R8, ou un groupe 
5-tetrazolyle ; 

R2 represente un atonne d'hydrogene, un groupe -OH, un groupe -OCOCH3, un atonne d'halogene, un groupe 
alkyle en C^-C4, ou un groupe alcoxy en CyC^ ; 

R3 represente 



or 




X represente un groupe -(CH2)mCONH-, un groupe -(CH2)mNHCO-, un groupe -CH2-, un atome d'oxygene, 
un groupe -NH- ou un groupe -(CHg)^^©- ; 

R4 represente 
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R5 represente un atome d'hydrogene, un groups alkyle en C^-Cg, ou un groupe trifluoroalkyle en C^-Cg, un 
groupe -(CF2)nCF3, un groupe benzyle, un groupe -(CH2)mN(alkyle en 0^-03)2, un groupe -(CH2)mNH(alkyle 
en C1-C3), un groupe -CH2-I -pyrrolidine, un groupe -(CH2)nC02H ou un groupe 




Rg represente un groupe -(CH2)pRi, un groupe -CONH(alkyle en C^-C4), un groupe -CONH(trifluoroalkyle en 
C1-C4), un groupe -COO(alkyle en C^-C^), un groupe -COO(trifluoroalkyle en C^-C^, un groupe -CONH(liy- 
droxy-alkyle en C^-C^), un groupe 




ou 
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J / ^CX).-B„ 



COOK 



R7 represente un groups alkyle a chaTne droite en C4-C9, un groupe trifluoroalkyle a chame droite en C4-C9, 
*5 un groupe alcenyle a chame droite en C4-C9, ou un groupe trifluoroalcenyle a chame droite en C4-C9 ; 

Rs represente un groupe phenyle, un groupe phenyle substitue par un groupe all<yle, en 0^ 04, un groupe 
allcyle en C^-Cg, ou un groupe trifluoroallcyle en C^-Cg ; 

20 R9 represente un groupe -(CH2)pRi ou un groupe alkyle en C^-C4 ; 

R^o represente un atonne d'hydrogene ou un groupe alkyle en C^-Cg ; 

R^i represente un atonne d'hydrogene, un groupe alkyle en C^-C4, un atome d'halogene, ou un groupe 
25 -(CH2)rPhenyle ; 

R12 represente un atonne d'hydrogene, un groupe -(CH2)pRi, un groupe alkyle en C1-C7, un groupe trifluo- 
roalkyle en C1-C7, un atonne d'halogene, un groupe 3-pyridyle, un groupe 2-pyrimidyle, un groupe furanyle, 
un groupe oxazolyle, un groupe isoxazolyle, ou bien lorsque m est egal a 0, un groupe 4,4-ethylenedioxy ou 

50 un groupe phenyle substitue ou non substitue representant un groupe phenyle ou un groupe phenyle substitue 

avec un ou plusieurs groupes choisis parmi le groupe comprenant un groupe -(CH2)pRi, un groupe -O 
(CH2)pRi, un groupe -(CF2)pC02H, un groupe -CONH2, un groupe alkyle en C-j-Cy, un groupe trifluoroalkyle 
en C1-C7, un atonne d'halogene, un groupe -(CH2)pOH, un groupe cyano, un groupe phenylsulfonyle, un groupe 
phenyle, un groupe thiophenyle, un groupe thiocarboxy, un groupe trifluoroalcoxy en OyOj, un groupe alcoxy 

35 en 0^-67, un groupe -S(alkyle en O^O^, un groupe -SO(alkyle en C^-Cg), un groupe -S02(alkyle en C^-Cg), 

un groupe -SOgNRg^Rgg, un groupe -(CH2)pCONR3^R32, un groupe -(CH2)pNR33S02-(alkyle en C^-C4 ou 
trifluoroalkyle en C1-C4), ou encore un groupe heteroaryle choisi parmi le groupe comprenant un groupe imi- 
dazolyle, un groupe triazolyle, un groupe tetrazolyle, un groupe thiazolyle, un groupe isoxazolyle ou un groupe 
oxazolyle, ledit groupe heteroaryle etant le cas echeant substitue avec un groupe -(CH2)pRi ; R31 et R32 

40 representant, independamment I'un de I'autre, un atome d'hydrogene, un groupe alkyle en 0^-64, un groupe 

-(CH2)pC02H, ou pris ensemble avec I'atome d'azote auquel lis sont lies, constituent un noyau heterocyclique 
choisi parmi le groupe constitue par un groupe pyrrolidino ou un groupe piperidino, ledit noyau heterocyclique 
etant le cas echeant substitue avec un groupe -COOH ; R33 represente un atome d'hydrogene ou un groupe 
alkyle en C1-C4 ; 

45 

Ri3 represente un atome d'oxygene ou un atome de soufre ; 
Ri4 represente un atome d'hydrogene ou un groupe CH3 ; 
50 R^g represente un atome d'hydrogene ou un groupe -(CH2)qRi6 \ 

R^e represente un groupe OH, un groupe NHg ou COgH ; 

R^7 represente un atome d'hydrogene, un groupe OH, un groupe alcoxy en 0^-04, un groupe COgH, un groupe 
55 SO3H, un groupe PO3H2, un groupe CONHSO2R8, ou un groupe tetrazolyle ; 

Y represente un groupe R d'un acide amine existant naturellement ; 
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X' represente un atome d'oxygene, un groupe -(CH2)p-, ou un atome de soufre ; 

m represente de maniere independante 0 ou 1 ; 

n represente de maniere independante 1 , 2 ou 3 ; 

p represente de nnaniere independante 0, 1 , 2, 3 ou 4 ; 

q represente 1 , 2, 3 ou 4 ; 

r represente de maniere independante 0, 1 , 2 ou 3 ; 

a condition que, lorsque Rg represente (h) et R^g "® represente pas un atome d'liydrogene, le groupe carboxyle 

de (h) se trouve en position 2 ; et lorsque Rg represente (in), m represente 0 et R12 represente un atome 
d'liydrogene, le groupe carboxyle de (h) se trouve en position 2 ou 3 ; ou un de ses sels ou de ses solvates 
pharmaceutiquement acceptables. 

Compose selon la revendication 1 , dans lequel R3 represente 




R4 



9 



R5 represente un atome d'hydrogene ; et R4 represente 




Compose selon la revendication 1 repondant a la formule la 




COOH 



la 



dans laquelle 



R7 represente un groupe alkyle a chame droite en C4-C9 ; 



X' un atome d'( 



'oxygene ; 
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R-12 represente un groupe phenyle substitue ou non substitue, un groupe bicyclique condense substitue ou 
non substitue ou encore un groupe tricyclique condense substitue ou non substitue ; et m est egal a 1 . 

Connpose selon la revendication 3, a savoir la -oxo-2-[5-[2-(1 H-tetrazol-5-yl)phenyl]-1 H-benzimidazol-1 -yl]oc- 
tyl-4-cis-(4-carboxymethyl-phenoxy)-L-proline ou un de ses sels ou de ses solvates pharmaceutiquement accep- 
tables. 

Compose selon I'une quelconque des revendications 1 a 4, a utiliser connnne produit pharmaceutique. 

Connpose selon I'une quelconque des revendications 1 a 4, a utiliser connme agent antihypertenseur. 

Formulation pharmaceutique comprenant a titre d'ingredient actif , un compose selon I'une quelconque des reven- 
dications 1 a 4, en association avec un ou plusieurs supports, diluants ou excipients pharmaceutiquement accep- 
tables pour (edit compose 

Precede pour preparer un compose selon I'une quelconque des revendications 1 a 4, qui comprend le fait d'hy- 
drolyser un compose repondant a la fonnule 




dans laquelle 

R^' represente un groupe CO2R', un groupe SO3H, un groupe PO3H2, un groupe CONHSO2R8, ou un groupe 
5-tetrazolyle ; 

Rg represente un atome d'hydrogene, un groupe -OH, un groupe -OCOCH3, un atome d'halogene, un groupe 
alkyle en C^-C4, ou un groupe alcoxy en C^-G4 ; 

R3' represente 
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or 




X represente un groupe -(CH2)niCONH-, un groupe -(CH2)jt^NHCO-, un groupe -CHg-, un atome d'oxygene, 
un groupe -NH- ou un groupe -(CH2)mCO" ; 

R4' represente 




R5' represente un atome d'hydrogene, un groupe alkyle en C^-Cg, ou un groupe trifluoroalkyle en C^-Cg, un 
groupe -(CF2)nCF3, un groupe benzyle, un groupe -(CH2)mN(alkyle en Ci-C3)2, un groupe -(CH2)mNH(alkyle 
en CyC^), un groupe -CH2-I -pyrrolidine, un groupe -(CH2)nC02R' ou un groupe 




CO2R' 



Rq' represente un groupe -(CH2)pRi'> un groupe -CONH(alkyle en C-1-C4), un groupe -CONH(trifluoroalkyle 
en C1-C4), un groupe -COO(alkyle en C1-C4), un groupe -COO(trifluoroalkyle en C1-C4), un groupe -CONH 
(liydroxy-alkyle en C1-C4), un groupe 
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ou 



? T 

- C - K f Rts' 



OQ2R' 
(f> 



4- 



(a) 



(CBl)a 



(h) 

Ry represente un groupe alkyle a chame droite en C4-C9, un groupe trifluoroalkyle a chame droite en C4-C9, 
un groupe alcenyle a chame droite en C4-C9, ou un groupe trifluoroalcenyle a chame droite en C4-C9 ; 

Rg represente un groupe phenyle, un groupe phenyle substitue par un groupe alkyle en C-|-C4, un groupe 
alkyle en C1-C5, ou un groupe trifluoroalkyle en C^-Cs ; 

R9' represente un groupe -(CH2)pRi' ou un groupe alkyls en CyC^ ; 

R^o represente un atonne d'hydrogene ou un groupe alkyle en C^-Cg ; 

R^i represente un atome d'hydrogene, un groupe alkyle en C^-C4, un atonne d'halogene, ou un groupe 
-(CH2)rPhenyle ; 



R^2' represente un atome d'hydrogene, un groupe -(CH2)pRi', un groupe alkyle en C^-C^, un groupe trifluo- 
roalkyle en CyCj, un atome d'halogene, un groupe 3-pyridyle, un groupe 2-pyrimidyle, un groupe furanyle, 
un groupe oxazolyle, un groupe isoxazolyle, un noyau bicycliquefusionne substitue ou non substitue, un noyau 
tricyclique fusionne substitue ou non substitue ou bien lorsque m est egal a 0, un groupe 4,4-ethylenedioxy 
ou un groupe phenyle substitue ou non substitue representant un groupe phenyle ou un groupe phenyle subs- 
titue avec un ou plusieurs groupes choisis parmi le groupe comprenant un groupe -(CH2)pRi, un groupe -O 
(CH2)pRi, un groupe -(CF2)pC02H, un groupe -CONH2, un groupe alkyle en CyCj, un groupe trifluoroalkyle 
en CyCj, un atome d'halogene, un groupe -(CH2)pOH, un groupe cyano, un groupe phenylsulfonyle, un groupe 
phenyle, un groupe thiophenyle, un groupe thiocarboxy, un groupe trifluoroalcoxy en C^Cj, un groupe alcoxy 
en C^-Cy, un groupe -S(alkyle en C-1-C4), un groupe -SO(alkyle en C-1-C9), un groupe -S02(alkyle en C1-C9), 
un groupe -SO2NR3-1R32, un groupe -(CH2)pCONR3iR32, un groupe -(CH2)pNR33S02-(alkyle en C-1-C4 ou 
trifluoroalkyle en CyC^), ou encore un groupe heteroaryle choisi parmi le groupe comprenant un groupe imi- 
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dazolyle, un groupetriazolyle, un groupetetrazolyle, un groupethiazolyle, ungroupe isoxazolyle ou ungroupe 
oxazolyle, ledit groupe heteroaryle etant le cas echeant substitue avec un groupe -(CH2)pRi ; R31 et R32 
representant, independamment I'un de I'autre, un atonne d'hydrogene, un groupe alkyle en C^-O^, un groupe 
-(CH2)pC02H, ou pris ensemble avec ratome d'azote auquel ils sent lies, constituent un noyau heterocyclique 
choisi parmi le groupe constitue par un groupe pyrrolidino ou un groupe piperidino, ledit noyau heterocyclique 
etant le cas echeant substitue avec un groupe -COOH ; R33 represente un atonne d'hydrogene ou un groupe 
alkyle en C1-C4 ; 

R-13 represente un atonne d'oxygene ou un atome de soufre ; 
R^4 represente un atonne d'hydrogene ou un groupe CH3 ; 
R^s' represente un atome d'hydrogene ou un groupe -(CH2)qRi6'; 
R^e' represente un groupe OH, un groupe NH2 ou CO2R' ; 

R^y represente un atome d'hydrogene, un groupe OH, un groupe alcoxy en 0^-04, un groupe GO2R', un 
groupe SO3H, un groupe PO3H2, un groupe CONHSO2R8, ou un groupe tetrazolyle ; 

Y represente un groupe R d'un aclde amine existant naturellement ; 

R' represente un groupe ester ; 

X' represente un atome d'oxygene, un groupe -(CH2)p-, ou un atome de soufre ; 

m represente de maniere independante 0 ou 1 ; 

n represente de maniere independante 1 , 2 ou 3 ; 

p represente de maniere independante 0, 1 , 2, 3 ou 4 ; 

q represente 1 , 2, 3 ou 4 ; et 

r represente de maniere independante 0, 1 , 2 ou 3 ; 

a condition que R^' ou R3' contiennent une ou plusieurs fonctionnalites -GO2R'. 
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